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a b s t r a c t
In 1950 and 195 1, in sp e c to r s  of the B u reau  of E n tom ology  and 
P lan t Q uarantine found a C o lle to tr ich u m  s p. a s s o c ia te d  w ith le s io n s  
on the bulb s c a le s  of a num ber of s p e c ie s  of l i l i e s  being im p o rted  fro m  
the O rien t. T h ese  le s io n s  r e se m b le d  som ew h at th o se  found in b lack  
sc a le  d ise a se  of E a s te r  l i l y  b u lb s. C o lle to tr ich u m  iso la te s  obtained  
fro m  the im p orted  bulbs cou ld  not be d ifferen tia ted  fr o m  the b la ck  sc a le  
fungus, C- l i l i i ,  on the b a s is  of s iz e ,  sh a p e , or the c o lo r  of th e ir  
co n id ia . S in ce the b lack  s c a le  d is e a s e  had on ly  b een  found in B erm uda  
and L o u is ia n a , and had n e v e r  b een  rep o r ted  as o ccu rr in g  on bulbs other  
than th ose  of the E a s te r  l i ly ,  th e se  is o la te s  w ere su b jected  to p atho­
g e n ic ity  te s ts  on the b la ck  s c a le  su sc e p t ib le  C reo le  E a ste r  l i l y ,  in 
c o m p a r iso n  w ith  CL l i l i i .
S ix teen  is o la te s  fr o m  v a r io u s bulbs and plant m a te r ia ls  w ere  
found to be n on -p ath ogen ic  to the C reo le  E a s te r  l i l y  during two s u c ­
c e s s iv e  grow ing s e a s o n s . It w as a lso  found that th e se  iso la te s  w ere  
n on -p ath ogen ic  to bulbs o f the typ es fr o m  w hich  they w ere o r ig in a lly  
iso la te d . In h o st range s tu d ie s  with_C. l i l i i  it w as found that bu lbs of 
L . c a llo s u m , L . candidum  (C a sca d e  and White E lf  s tr a in s ) ,  L . cern u u m , 
L . D a v id ii 'M axw ill', _L. fo r m o sa n u m , L . H en ry i, L . ja p o n icu m , L. 
r e g a le ,  L . sp e c io su m  v a r . a lbum , and L . sp e c io su m  v a r . ru b ru m  w ere  
not s u s c e p t ib le . H ow ever, bu lbs of L . a m a b ile , L . d auricum  v a r .
san gu in eu m , L . m ar tag on v a r . a lb u m , L, p u m ilu m , L . u m b e lla tu m , 
and. the C r e o le , C roft, E s ta te , and G eorg ia  v a r ie t ie s  of E a s te r  l i l i e s  
(L . lon g ifloru m ) w ere  found to be su sc e p tib le  to  the d is e a s e .  In the 
c a s e  of L . c o n c o lo r , it w as found that the fungus could  be iso la ted  
fr o m  the n e c r o tic  s c a le  tip s of the b u lb , a lthough  the s c a le s  show ed  
no ty p ica l b la ck  s c a le  le s io n s .
In an e ffo rt to d ifferen tia te  b etw een  pathogenic and non -p ath ogen ic  
fo rm s of the fu n g u s, c r i t ic a l  m o rp h o lo g ica l and grow th stu d ies  w ere  
m a d e. T h ese  stu d ies  r e v e a le d  that a l l  iso la te s  could  be d ifferen tia ted  
fr o m  the pathogenic fo rm  b y  grow th stu d ies  in liq u id  m ed iu m . M orpho­
lo g ic a l  d iffer e n ce s  w ere  found in on ly  four is o la t e s .
S tudies w ith  the pathogenic fungus to d eterm in e  its  e ffe c t  on the 
grow ing l i ly  plant in d ica ted  no a d v e r se  e ffec ts  on flo w er in g , plant 
v ig o r , bulb d evelop m en t, or fo rc in g  a b ility . B u lb le t production  h o w ­
e v e r , was s ig n if ica n tly  in c r e a se d  in p lants w h ose bulbs w ere  in fec ted  
by C . l i l i i .  A t no tim e  w as the fungus o b se rv ed  on any p a rt other than 
the bulb s c a le s .
INTRODUCTION
B la c k  s c a le  is a d is e a s e  know n to a f fe c t  the bulb s c a le s  o f a t  
le a s t  tw o c o m m e r c ia l v a r ie t ie s  o f the E a s te r  l i l y ,  L iliu m  long if lo ru m  
T hum b. Until 1937 w hen the d is e a s e  w as f i r s t  o b se r v e d  in th is cou n try  
in so u th ern  L o u is ia n a , it  w as know n on ly  in th e l i ly  g row in g  a r e a s  o f  
B er m u d a . T he c a u s a l o r g a n ism  w a s f ir s t  d e sc r ib e d  in 1944 and d e ­
s ig n a te d  as a n ew  s p e c ie s ,  C o lle to tr ic h u m  l i l i i  P la k ,
In 1949 and  1950, a C o lle to tr ic h u m  s p . w as is o la te d  fro m  the  
bulb s c a le s  o f C ro ft E a s te r  l i l i e s  g ro w n  in O regon  and w as found to  
be m o r p h o lo g ic a lly  s im ila r  to C o lle to tr ic h u m  l i l i i .  L a te r , a s e r ie s  
of iso la t io n s  w e r e  m ade fr o m  le s io n s  on s c a le s  of im p o rted  bulbs 
in te r c e p te d  by F e d e r a l in sp e c to r s  a t p orts o f en try  in San F r a n c is c o ,  
S e a ttle , and H oboken. A lthough  the con id ia  o f th e se  i s o la te s  w ere  
found to be id e n tic a l in s iz e  and sh ap e to th o se  o f C . l i l i i ,  the s c a le  
le s io n s  w er e  d iffe r e n t .
B etw een  1951 and 1953, in v e s t ig a tio n s  w e r e  co n d u cted  w ith  ten  
of th e se  is o la te s  to  d e term in e  th e ir  p a th o g en ic ity  to the b la c k  s c a le  
s u s c e p t ib le  C r e o le  E a s te r  l i ly .  N on e of th e se  is o la te s  c a u s e d  b la ck  
s c a le .  In the la b o r a to r y , va r io u s s tu d ie s  w e re  con d u cted  in an e f fo r t  
to d eterm in e  a m ea n s  of d iffe re n tia tin g  b etw een  the p athogen ic and n o n -  
p ath ogen ic  i s o la t e s .  One iso la te  w as d iffe r e n tia te d  fr o m  C . l i l i i  on the
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b a s is  o f m orp h olog ica l fe a tu r e s , two on the b a s is  of co lon y  s iz e  on 
so lid  m ed ia , and a l l  w ere found to produce s ig n ifica n tly  b e tter  grow th in 
liq u id  m edium . E fforts  to obtain bulb s c a le  in fection  in the lab oratory  
w ere u n su c c e ss fu l even  w ith the pathogenic fungus.
In vestigation s w ere  a lso  conducted  to d eterm in e w hether or not 
C o lleto tr ich u m  l i l i i  wa s  the sa m e fungus as C o lleto tr ich u m  lilia c e a r u m  
(Schw . ) Duke. It was found that the m o rp h o log ica l fea tu res  of three  
iso la te s  thought to be C . l i l ia c e a r u m  w ere  d ifferen t fro m  th ose  of C. 
l i l i i , and they w ere  not pathogenic to C reo le  E a ster  l i ly  b u lb s.
The p resen t in v estig a tio n s deal w ith additional iso la te s ;  their  
p athogen icity  to C reo le  l i l i e s ,  th e ir  pathogenicity  to bulbs of the type 
fro m  w hich they w ere o r ig in a lly  iso la te d , and m ethods of d is tin g u ish ­
ing them  fro m  C . l i l i i . Other w ork included a h ost range study of C. 
l i l i i  w ith  a num ber of c o m m e r c ia lly  a va ilab le  l i l i e s ,  and certa in  a sp e c ts  
of the e ffec ts  of the pathogenic fungus on the grow ing E a s te r  l i ly  and its  
bulb.
REVIEW  OF LITERATURE
P r ev io u s  to the iso la tio n  and d e sc r ip tio n  of the b la ck  s c a le  
fungus by  P lak id as (10 , 11), r e fe r e n c e s  r e la te d  to th is d is e a s e  and  
its  sym p tom s w ere lim ite d  to rep o rts  and b r ie f  n o te s . A l l  rep o rts  
w e r e  fr o m  the l i ly  grow ing a r e a s  of B erm u d a or co n cern ed  w ith  bulbs  
and plants grow n th e r e . The fa c t  that m uch of th is in form ation  o r ig i ­
n ated  p rior to our p r e se n t in form ation  con cern in g  plant v ir u se s  a s s o ­
c ia te d  w ith  l i l i e s ,  le d  to an ap p aren t con fu sion  b etw een  the e t io lo g y  
and  sym p tom s of the b la ck  s c a le  d is e a s e  and th o se  c h a r a c te r is t ic  
of the variou s v irus e n t it ie s .
In 1895, H a lsted  (1) found a V e r m icu la r ia  sp . and P h y llo s tic ta  
sp . a s s o c ia te d  w ith  o ld er and b row n er le a v e s  of p lants se n t to h im  
fr o m  B erm u d a . S tew a rt (16) rep o r ted  m ite s  and V erm icu la r ia  sp . on 
d ise a s e d  b u lb s, 'but by no m ean s co n sta n tly  and se ld o m  in num bers  
su ff ic ie n t to accou n t fo r  the d am age. 11 W hetzel (18) s ta ted  that in so m e  
r e s p e c ts  b la ck  s c a le  w as the m o st s e r io u s  d is e a s e  of l i l i e s  in B erm u d a . 
He a lso  s ta ted , "the d is e a s e  is  ca u sed  by a fungus, but the id en tity  of 
the pathogene has not y et b een  d eterm in ed . " A cco rd in g  to P lak id as (11), 
W h etzel had te n ta tiv e ly  id en tified  the c a u sa l o r g a n ism  of b la ck  s c a le  as  
Vo lute 11a sp . or V erm ic u la r ia  sp . L ater  itnpublished  data, h o w ev er , 
co n v in ced  h im  that the p r im a ry  ca u se  of d is e a s e  he w as ex p er im en tin g
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w ith  w as a m o sa ic  and that the o r g a n ism  a s s o c ia te d  w ith  the bulbs w as  
a c tu a lly  seco n d a ry  to the v iru s in fe c tio n . A ttem p ts b y  W hetzel to p r o ­
duce b la ck  s c a le  in fec tio n  in the la b o ra to ry  w ere  u n su c c e s s fu l.
c-
O gilv ie  (8) r ep o r ted  that in fec tio n  of the bu lbs w as due to 
V o lu te lla  sp . , but la ter  ( 9), d ec id ed  that the con d ition  w as due to a 
p h y s io lo g ic a l d istu rb an ce brought about b y  asp h yx ia tion  of the bulb 
s c a le  t is s u e  a s  a  r e s u lt  o f h eavy  or w a te r -lo g g e d  s o i l .  He added that 
the V o lu te lla  sp . p re v io u s ly  su sp e c te d  as the c a u sa l o r g a n ism  w as the  
r e s u lt  o f seco n d a ry  in v a sio n .
W aterston  ( 17) d es ig n a ted  C o lle to tr ich u m  g lo e o s p o r io id es  P e n z .  
a s  the probable ca u se  of b la ck  s c a le .  He ev id en tly  en ter ta in ed  so m e  
doubt b e c a u se  he s ta ted , "Black s c a le ,  ? C o lle to tr ich u m  g lo e o sp o r -  
io id es  P e n z . has b een  p r o v is io n a lly  n a m ed  as the fungus r e sp o n s ib le  
for  th is  con d ition  in the bulb and fo r  pre -m a tu re  d ie -b a c k  of the plant 
in  the f ie ld . " P r e -m a tu r e  d ie -b a c k  is  a con d ition  freq u en tly  a s so c ia te d  
w ith  cer ta in  v iru s  in fec tio n s  of the E a s te r  l i ly ,  but has n ev er  b een  n oted  
in con n ection  w ith  b la ck  s c a le  in fec ted  p la n ts .
The f ir s t  rep o rt o f the o c c u r r e n c e  of b la ck  s c a le  in th is  country  
w as by P lak id as (1 0 ). He s ta ted  that the d is e a s e  w as ap p aren tly  s o i l -  
born e and found P e n ic il l iu m  sp . , F u sa r iu m  sp„ , and V er m ic u la r ia  sp .  
a s s o c ia te d  w ith  s c a le  l e s io n s .  In p a th o g en ic ity  s tu d ie s  w ith  th e se  
o r g a n ism s , he found that the V er m icu la r ia  s p . w as r e sp o n s ib le  for  
the d is e a s e .  The la tte r  w as la te r  d e term in ed  to be a  C o lle to tr ich u m
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rath er  than V e r m ic u la r ia , In a la te r  p u b lica tion , P lak id as (11) r e ­
ported  that the d ise a se  probably o c c u r r e d  in L o u is ia n a  as e a r ly  as  
1934 but re m a in e d  v ir tu a lly  u n o b serv ed  u n til 1937 when it  b eca m e  
se r io u s  in m any a r e a s  of the sou th ern  p a r ish e s  o f the s ta te . L o s se s  
as high a s  80 p er cen t w ere  rep o r ted , w ith  one g ro w er  producing only  
8 ,0 0 0  sa la b le  bu lbs of 4 0 ,0 0 0  h a r v e s te d . In p ath ogen ic ity  s tu d ie s  he 
found th at bulb le s io n s  w ere  due to in v a sio n  by a fungus w hich  he d e s ig ­
nated  a s  a new  s p e c ie s ,  C o lle to tr ich u m  l i l i i  p la k . F u rth er  w ork in d i­
ca ted  that no s u c c e s s fu l  m eth od  or c h e m ic a l had b e e n  found for  co n tro l 
of the d is e a s e .  H is a ttem p ts to produce the d is e a s e  on bulb s c a le s  in 
the la b o ra to ry  w ere  u n su c c e s s fu l,  a lthough  bulbs w ere  rea d ily  in ­
fe c te d  w hen p erm itted  to grow  a s e a so n  in s o i l  in o cu la ted  w ith  C . l i l i i .
A co n tro l fo r  b la ck  s c a le  d is e a s e  w as rep o rted  by L eB ea u  (3 , 4) 
and la te r  b y  L eB eau  and R eyn old s (5 ). It w as found that the d is e a s e  
cou ld  be co n tro lle d  by the u se  of P u ra tized  N5X and N 5E (P h en y l 
m e r c u r i tr ie th a n o l am m on iu m  la c ta te ) . T h is trea tm en t c o n s is te d  of 
soakin g  the bulbs in a 1:1000 to 1:2000 so lu tio n  of the 10 per cen t fo r m u ­
la tio n  fo r  24 h o u rs , fo llo w ed  by w ashing in running w ater  fo r  th ree  to 
four h o u r s . To p ro tec t the trea ted  bulbs fr o m  re in fec tio n  by s o i l -  
borne in ocu lu m  a fte r  p lanting, the bulbs w ere  d usted  w ith  A r a sa n  
(te tr a m eth y l th iu ram  d isu lfid e ).
R eyn old s (1 4 ), rep ortin g  on v a r io u s a sp e c ts  o f the b la ck  sc a le  
d is e a s e ,  s ta te d  that the op tim u m  tem p era tu re  for the grow th  of the
C reo le  l i ly  was 16°C . , the optim um  tem p era tu re  for d is e a s e  d ev e lo p ­
m ent w as 30°C . , the optim um  grow th  tem p era tu re  for th e  grow th of  
the fungus on p o ta to -d e x tr o se  agar w as 2 2 °C . , and that the fungus p r o ­
duced a tox in  w h ich  was ev id en t b y  the fact th a t t is s u e  sh o w ed  d is ­
co lo ra tio n  in advance of the invading fu n gu s. In support o f th is  
con ten tion  he r ep o r te d  th at a toxin  produced  in liqu id  cu ltu re  was able  
to ca u se  d ise a se  sym p tom s on h ea lth y  bulb s c a le s  under la b o ra to ry  
co n d itio n s . In other ex p er im en ts  he w as ab le  to  obtain in fec tio n  and  
b la ck  s c a le  sym p tom s on s c a le s  in m o is t  ch a m b ers a t tem p era tu res
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ranging fr o m  6 C . to 30 C . His data show ed  that in fec tio n  w as a p ­
p aren tly  p o ss ib le  a t a ll tem p era tu res  w ithin th is  ran ge, and that only  
s ix  days w ere  req u ired  fo r  in fection  to take p la c e  at 3 0 °C . A ttem pts  
b y W h etze l, P lak id as (11) and la ter  S o b ers (15) w ere u n su c c e ss fu l in 
s im ila r  e f fo r ts .  R eynolds a lso  rep o r ted  that the op tim u m  grow th  
tem p era tu re  for C . l i l i i  on p o ta to -d ex tro se  a g a r  was 2 2 °C . This fa c t,  
h o w ev er , is  not c o n s is te n t  w ith  the 8 5 ° F . m axim u m  r e p o r te d  by  
M cC le lla n  and M a rsh a ll (6) or  the op tim u m  grow th  range o f 27°C . to 
3 l° C . rep o rted  b y  S ob ers (1 5 ).
P lak id as (12) rep o rted  a C o lle to tr ich u m  sp . s im ila r  to the 
b la ck  s c a le  fungus a s s o c ia te d  with le s io n s  on the s c a le s  o f  C roft 
E a s te r  l i l y  bulbs grow n in O regon. G row th s tu d ie s  on v a r io u s  so lid  
m ed ia  in d ica ted  th at the fungus was ap p aren tly  not C. l i l i i .  In patho­
g e n ic ity  s tu d ie s  it  w as found that the O regon iso la te  w as n o t pathogenic
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to the C r e o le  E a ste r  l i ly  bulb . T h ese  fa c ts  w ere  co n firm ed  by  
S o b ers  (15) and in addition  it  w as found that the optim um  grow th  
tem p era tu re  for  the iso la te  w as 2 3 °C . to 2 7 °C . a s  co m p a red  to 2 7 °C . 
to  3 l° C . fo r  C . l i l i i .  In another rep o r t b y  P lak id as {13), it  w as r e ­
v ea led  that an iso la te  fro m  bulbs grow n in C a lifo rn ia  w as n on -  
p a th o g en ic . He a lso  noted  that ad d ition a l C o lle to tr ich u m  iso la te s  
had b een  m ade fr o m  variou s s p e c ie s  o f l i ly  bulbs grow n  in  the O rien t.
In v estig a tio n s  by the author (15) sh ow ed  that o f th ir teen  i s o ­
la te s  s im ila r  to CL l i l i i ,  none w as pathogenic to C reo le  E a s te r  l i ly  
b u lb s, and on ly  four cou ld  be d ifferen tia ted  fr o m  the pathogenic fo rm  
on the b a s is  of m o rp h o lo g ica l f e a tu r e s . It w as show n that C . l i l i i  and  
C . l i l ia c e a r u m  w ere  d ifferen t on the b a s is  of m o rp h o lo g ica l fe a tu r e s ,  
and the in a b ility  of_C_- l i l ia c e a r u m  to c a u se  b la ck  s c a le  sym p tom s on 
E a s te r  l i ly  b u lb s. O regon is o la te s  w ere r ea d ily  d istin g u ish ed  fro m  
C ♦ l i l i i  by  co m p a ra tiv e  co lon y  d ia m eter  in c r e a s e  on so lid  m ed ia , and  
on the b a s is  of optim um  grow th w ith  r e s p e c t  to te m p e ra tu r e . A ll i s o ­
la te s  w ere found to produce s ig n if ic a n tly  b e tter  grow th  in liq u id  cu ltu re  
w hen co m p a red  w ith  C . l i l i i .
In a r ecen t p u b lica tion , M cW horter (7) d e sc r ib e s  a con d ition  on 
E a s te r  l i ly  bulbs w hich  he c a lls  "brown s c a le .  " He s u g g e s ts  that the 
o rg a n ism  cau sin g  th is cond ition  is a probable v a r ie ty  of C . l i l i i .  He 
n o tes  that th is  fungus type is  b e in g  stu d ied  in L o u is ia n a , and u n ­
doubtedly is  r e fer r in g  to the O regon iso la te s  in v e stig a te d  by P lak id as
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(■12) and S o b ers  (1 5 ). It has b een  show n by b oth  w ork ers that w h ile  th is  
iso la te  does r e s e m b le  C . l i l i i  m o rp h o lo g ic a lly , it show s im p ortan t d if­
fe r e n c e s  p h y s io lo g ic a lly  and has n ev er  b een  found to produce any type 
of s c a le  le s io n  on the C reo le  E a s te r  l i l y  bulb grow n under L ou isian a  
c o n d itio n s .
In add ition  to "brown s c a le ,  " M cW horter d e sc r ib e s  a s c a le  tip  
r o t . T his con d ition  has b een  o b se r v e d  h ere on the C roft v a r ie ty  but no  
p a rticu la r  fungus has b een  found a s s o c ia te d  w ith  the con d ition . 
M cW horter a lso  s ta te s  that the con d ition  is  ap p aren tly  p ecu lia r  to the 
C roft v a r ie ty  and that no v iru s  or m in e r a l d e fic ie n c y  has b een  a s s o ­
c ia te d  w ith  it .  In the a u th or 's  b r ie f  e x p e r ie n c e , it has b een  a ra re  e x ­
cep tion  to fin d  C roft bulbs w hich  did not show  th is con d ition , ev en  th ose  
bulbs or ig in a tin g  from , a r e a s  o ther than O regon or L o u is ia n a .
M ATERIALS AND METHODS
S ou rce o f I so la te s
P r io r  to and during the co u rse  of th e se  in v e s t ig a tio n s , a num ber  
of C o lle to tr ich u m  is o la te s  w ere  a ccu m u la ted  fr o m  a v a r ie ty  of plant 
m a te r ia ls  grow n in s e v e r a l  d ifferen t a r e a s  of th is  country  and fro m  
s e v e r a l  o r ie n ta l c o u n tr ie s . A ll w ere  s e le c te d  b e c a u se  of th e ir  m o r ­
p h o lo g ica l s im ila r ity  to C o lle to tr ich u m  l i l i i  P la k . W here p o ss ib le  the 
is o la te s  a r e  l i s t e d  w ith  the plant m a te r ia l fro m  w h ich  the iso la t io n  w as  
m ad e, the p erso n  r e sp o n s ib le  for the iso la t io n , and the cou n try  or a rea  
fr o m  w h ich  the p lant m a te r ia l o r ig in a ted . The iso la te s  u se d  in th ese  
s tu d ies  a r e  l i s t e d  b e lo w .
Iso la te  4 9 -3 3 . A s in g le  sp o re  iso la t io n  sen t to th is  d ep a rt­
m ent fr o m  the g o v ern m en t quarantine s ta tio n  a t H oboken, N . J. , the 
o r ig in a l iso la t io n  having b een  m ade fr o m  the bulb s c a le s  o f L iliu m  
s p e c io s u m  bulbs grow n in Japan.
Iso la te  7 7 9 3 -A . Iso la tio n s  m ade by the author fro m  the bulb  
s c a le s  o f L iliu m  fo rm o sa n u m  (W ilson  Strain ) b u lbs grow n in so u th e r n  
A la b a m a .
Iso la te  13076. Iso la tio n s  m ade by D r. A . G. P lak id as fro m  
s c a le s  of L iliu m  au ratu m  bulbs grow n in Japan.
Iso la te  13077. Iso la tio n s  m ade by D r . A . G. P lak id as fro m
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s c a le s  o f L iliu m  sp e c io su m  bulbs grow n in Japan.
Iso la te  13081. Iso la tio n s m ade by D r. A . G. P lak id as fro m  
s c a le s  of L iliu m  H an son ii bulbs grow n in Japan.
Iso la te  2 5530 . C u ltures se n t  to th is d ep artm en t fro m  B e l t s v i l l e , 
M d. , the o r ig in a l iso la tio n  having b een  m ade fro m  bulb s c a le s  o f an u n ­
id en tified  L iliu m  sp . grow n in C hina.
Iso la te  27534 . Iso la tio n s  m ade by  D r . A . G. P lak id as fr o m  
s c a le s  o f L iliu m  c le im e r i i  bulbs grow n in Japan. A s e a r c h  of a v a i l ­
ab le lite r a tu r e  fo r  a d escr ip tio n  of th is l i ly  w as m ade w ithout s u c c e s s .  
In an e ffo r t  to ga in  in form ation  co n cern in g  _L̂  c le im e r i i ,  variou s  
a u th o r itie s  w ere  co n ta cted . It w as su g g e sted  that the l i ly  was p ro b ­
ab ly  a hybrid  of o r ie n ta l o r ig in . A n inquiry w as m ade to the quarantine  
a u th o r itie s  req u estin g  in form ation  con cern in g  the im p o rter  of the bulbs  
fro m  w h ich  th is iso la te  w as tak en . The im p o rter  in fo rm ed  the author  
that the bulbs had b een  grow n in Japan and that they w er e  hybrids  
w hich  w ere  not a v a ila b le  in th is  cou n try . He a ls o  s ta ted  that the bulbs 
w ere  of unknown p aren tage and that they did n ot su r v iv e  the f ir s t  y e a r s  
grow th  under A lab am a grow ing co n d itio n s .
Iso la te  27 5 3 5 . I so la tio n s  m ade by D r , A . G. P lak id as fr o m  
s c a le s  of L iliu m  co n co lo r  bulbs grow n in Japan.
Iso la te  27 5 3 6 . Iso la tio n s  m ade by D r . A . G. P lak id as fr o m  
s c a le s  of L iliu m  d au ricu m  bulbs grow n in Japan.
Iso la te  2 7 5 3 8 . Iso la tio n s  m ade b y  D r. A . G. P lak id as fr o m
s c a le s  of L iliu m  u m b ella tu m  bulbs grow n in Japan.
Iso la te  27 8 8 4 . Iso la tio n s  m ade b y  D r. A . G. P lak id as fr o m  
s c a le s  of L iliu m  s ik k im e n s is  bulbs grow n in India . T his l i ly  is  thought 
to be a hybrid  s in c e  no in form ation  under th is  n am e w as found in the  
l i te r a tu r e . E ffo r ts  to gain  in form ation  fr o m  the im p o rter  of the bulbs  
w ere u n su c c e ss fu l.
Iso la te  O re . '49. I so la tio n s  m ade b y  D r . A . G. P lak id as fro m  
bulb s c a le s  of a C ro ft E a s te r  l i ly  grow n in O regon in 1949. The s p e c i ­
m en  w as su b m itted  by D r. F rank  P . M cW horter of O regon State
C o lleg e  a t C o r v a llis , O regon.
Iso la te  O re . '50. I so la tio n s  m ade by D r . A . G . P lak id as fro m  
bulb s c a le s  of a C ro ft E a s te r  l i ly  grow n in O regon in 1950. The s p e c i ­
m en  w as su b m itted  b y  D r . F ran k  P . M cW h orter. B oth  of the O regon
sp e c im e n s  w ere s e n t  b eca u se  of a C o lle to tr ich u m  sp . a s s o c ia te d  w ith  
what D r . M cW horter c a lls  a "d ie-b ack "  of the s c a le  tip s of the C roft  
E a s te r  l i l y .  He s ta te d  that the fungus lo o k ed  m uch  lik e  C . l i l i i .
Iso la te  L a . Iso la tio n s m ade by D r . A . G . P lak id as fr o m  bulb  
s c a le s  o f C reo le  E a s te r  l i l i e s  grow n in  L o u is ia n a  and n a tu ra lly  in fec ted  
b y  Co lle to tr ich u m  l i l i i  P lak .
The next th ree  is o la te s  w ere s e le c te d  as b ein g  r e p r e se n ta t iv e  
of C o lle to tr ich u m  li l ia c e a r u m  (S c h w .) D uke, T hey w ere  c o lle c te d  to 
b e u se d  in p ath ogen ic ity  t e s t s  b e c a u se  of the s im ila r ity  in the s iz e  o f  
sp o r e s  w hen co m p a red  to th ose  of C . l i l i i .
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Iso la te  H am . Iso la tio n s  m ade by the author fro m  the d ried  
le a v e s  and flo w e r  sta lk s  of a H e m e r o c a llis  sp . c o lle c te d  b y  D r . A . G . 
P lak id as in H am m ond, L a.
Iso la te  P a , Iso la tio n s m ade b y  the author fr c m  d ired  le a v e s  
and f lo w e r  sta lk s  o f a H e m e r o c a llis  sp . c o lle c te d  on a f ie ld  tr ip  in the  
v ic in ity  of B eth leh em , P a . in  1952. The m a te r ia l c o lle c te d  w as c o m ­
pared  w ith  the type sp e c im en  in the S ch w ein itz  c o lle c t io n  a t the A cad em y  
of N a tu ra l S c ie n c e s  in  P h ila d e lp h ia , P a . T his co m p a r iso n  in d ica ted  no 
s ig n if ic a n t  d iffe re n ce s  b etw een  the two s p e c im e n s . On the b a s is  of th is  
co m p a r iso n  and the fa c t that the m a te r ia l had b ee n  c o lle c te d  in the sam e  
g e n e ra l a rea  as the type sp e c im e n , it  w as a s su m e d  that the iso la te  w as 
the sa m e  as d e sc r ib e d  b y  S ch w ein itz  to w hich he gave the nam e  
C o lle to tr ich u m  li l ia c e o r u m  or C o lle to tr ich u m  li l ia c e a r u m  (Schw . ) D uke.
Iso la te  W ash. Iso la tio n s  m ade b y  the author fro m  the d ried  
le a v e s  o f an Ir is  sp . c o lle c te d  by M r. S tev en so n , m y c o lo g is t  w ith the 
• USDA. M r. S tev en so n  c o n s id e r e d  the C o lle to tr ich u m  sp . found on th is  
m a te r ia l to be ty p ic a l of C o lle to tr ich u m  li l ia c e a r u m .
The la s t  grou p  of is o la te s  w ere  m ade fr o m  variou s le s io n s  and  
n e c r o tic  a r e a s  found on bulbs w hich  had b een  grow n  in s o i l  in fe s te d  by
C. l i l i i  during the c o u r se  of th e se  in v e s t ig a tio n s .
Iso la te  L U - 1 to L U -5 . Iso la tio n s  m ade b y  the author fro m  
le s io n s  r e se m b lin g  b la ck  s c a le  on the s c a le s  of L iliu m  u m b ella tu m  bulbs  
grown in  s te r i l iz e d  s o i l  in fe s te d  by C . l i l i i .
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Iso la te  LiD-1 to L D -5 . Iso la tio n s  m ade by the author fro m  
le s io n s  r e se m b lin g  b la ck  s c a le  on the s c a le s  of L . d au ricu m  v a r . 
sangu in eu m  bulbs grow n in s te r i l iz e d  s o i l  in fe s te d  by C . l i l i i .
I so la te  LC -1 to L C -5 . Iso la tion s m ade by  the author fr o m  d ried  
s c a le  tip s of L . co n co lo r  bulbs grow n in s te r i l iz e d  s o i l  in fe s te d  by C. 
l i l i i .  The tip s of the s c a le s  r e s e m b le d  the s c a le  tip  n e c r o s is  freq u en tly  
a s s o c ia te d  w ith  the C roft E a s te r  l i ly .  The fungus w as ev id en t b y  the 
p r e se n c e  of n um erous a c e r v u li on the s c a le  t ip s;
S ou rce of B ulbs  
The C r eo le  and G eorg ia  l i ly  bulbs u se d  in the v a r io u s  e x p e r i­
m en ts w ere  p u rch ased  fro m  M r s . H enry B la tt, S la u g h ter , L a. T h ese  
w ere  c e r t if ie d  bu lbs known to b e fr e e  of b la ck  s c a le .  B u lb s of the 
C roft and E sta te  v a r ie t ie s  w ere  obtained  through  the c o u r te sy  of D r. 
F rank  P . M cW h orter, O regon State C o lle g e , C o r v a ll is ,  O regon.
B ulbs of _L_. d au ricu m  v a r . san gu in eu m  w ere  p u rch a sed  fro m  D r. 
F . L„ S k in n er, D ro p m o r e , M anitoba, Canada. A ll  other bulbs w ere  
p u rch a sed  fro m  the O regon Bulb F a rm s at C o r v a llis ,  O regon.
S o il T rea tm en t and In festa tion  
In a l l  p ath ogen ic ity  s tu d ie s , r iv e r  b ottom  s o i l  w as u se d . S o il 
w as brought in fro m  an a r e a  w h ere no bulbs had e v e r  b een  grow n .
When p r a c t ic a l, the s o i l  w as s te r i l iz e d  along w ith  the con ta in er  in 
w h ich  the bu lb s w ere  to be p lanted . S te r iliz a t io n  was a ffe c te d  by
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a u toclav in g  a t 15 pounds p r e s su r e  fo r  two h o u r s . A fter  s te r il iz a t io n  
the s o i l  w as le f t  in the co n ta in ers  fo r  ten days p r io r  to u s e .
Due to a la c k  of su ff ic ie n t  co n ta in ers  of p roper depth, it  w as 
n e c e s s a r y  to p lant so m e bulbs in la r g e  co ld  f r a m e s .  T h ese  w ere f i l le d  
w ith  s o i l  and s te r i l iz e d  b y  fu m igation  w ith  m eth y l b ro m id e at the rate  
of one pound to 72 cu . f t .  of s o i l .  A fter  trea tm en t, the s o i l  w as a l ­
lo w ed  to stan d  u n u sed  fo r  ten  d a y s. D uring th is p er iod  the s o i l  w as 
tu rn ed  freq u en tly  to a llo w  re s id u a l m eth y l b ro m id e to e s c a p e .
S o il in fe sta tio n  w as a c c o m p lish ed  by m ix in g  a 250 m l. b eak er  
fu ll  of in ocu lu m  to a g a llo n  of s o i l .  Inocu lum  c o n s is te d  of cu ltu res  o f  
the fungus on a s te r i l iz e d  m ixtu re o f oats and ground peanut m ed iu m . 
H o les  w ere  m ade a t the p rop er depth to a cco m m o d a te  the bu lbs and the 
in ocu lu m  m ix tu re  w as u se d  to c o v e r  the bulbs a lon g  w ith any ad d ition a l 
s o i l  n eed ed . A s te r i le  oa t-p ean u t m ixtu re w as s im ila r ly  m ix ed  and  
u se d  to  c o v e r  bu lbs ser v in g  a s  c o n tr o ls .
P rep a ra tio n  of S o il Inoculum  
The in ocu lu m  fo r  s o i l  in fe sta tio n  w as p rep a red  by grow in g  the 
d e s ir e d  iso la te  on an oat and peanut m ixtu re a u to c la v ed  at 15 pounds 
p r e s su r e  fo r  two hours in 1000 m l. E r le n m e y e r  f la s k s .  The m ixtu re  
c o n s is te d  of 3 parts of o a ts , and 1 p art o f w hole ground p ean u ts.
E nough of the d r ied  m ixtu re w as p la ced  in the l i te r  f la s k  s o  a s  to 
occu p y  about 20 per cent of the v o lu m e . A one per cen t aqueous
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so lu tio n  of s u c r o s e  w as added to ju st c o v e r  the c o n ten ts . A t th is  tim e  
the f la sk s  w ere  se e d e d  w ith  the ap p rop ria te  iso la te  and p erm itted  to  
incubate fo r  two w eek s at 22° C . D uring th is tim e  the con ten ts in the 
f la sk s  w ere  a g ita ted  freq u en tly  to in su re  g r e a te r  a r e a  ex p o su re  to the 
grow ing fu n g u s .
Bulb P lan tin g
The fo llow in g  bulbs w ere  p lanted  3 -4  in ch es d eep  in ga llon  c o n ­
ta in e r s  of s t e r i l iz e d  r iv e r  b o tto m  s o il:  L . c a llo su m , L . candidum  
(C ascad e and W hite E lf  S tr a in s ) , L . c o n c o lo r , L . d au ricu m  v a r . 
sa n g u in eu m , L . u m b ella tu m , and the C r e o le , C ro ft, E s ta te  and G eo rg ia  
E a s te r  l i l i e s .
B ulbs of E . au ratu m  v a r . P la typ h y llu m  w ere  p lanted  in two g a l ­
lon  c r o c k s , 5 -6  in ch es  deep  in  a s t e r i l iz e d  m ix tu re  of eq u al p arts of 
peat m o ss  and r iv e r  b ottom  s o i l .
The fo llow in g  bulbs w ere  p lanted  5 in ch es deep  in 2 ga llon  cro ck s  
of s t e r i l iz e d  s o il:  L . a m a b ile , L . cern u u m , and L . p u m ilu m . B ulbs of 
L . fo rm o sa n u m  (W ilson  S tra in ) and E  Ha n so n ii w e r e  p lanted  s ix  in ch es  
d eep  in 5 g a llo n  c r o c k s  of s t e r i l iz e d  r iv e r  b o ttom  s o i l .
The rem ain in g  bu lbs: E . D av id ii "M axw ill", L . H e n r y ii, L . 
r e g a le , L . s p e c io s u m  v a r . a lb u m , L . s p e c io s u m  v a r . rubrum  a nd L . 
m artagon  v a r . a lb u m  w ere  p lan ted  in co ld  fr a m e s  contain ing r iv e r  
bottom  s o i l .
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The bulb p lantings in d ica ted  above a re  th o se  u se d  for p atho­
g e n ic ity  t e s t s .  In so m e  c a s e s  other p lantings w ere  u se d  and w ill be  
d is c u s s e d  at the ap p rop ria te  t im e .
C ulture M edia
V arious types of m ed ia  w ere u se d  in cu ltu ra l s tu d ie s . T hey a r e  
l is t e d  w ith  th e ir  co n stitu en ts  and the m ethod  b y  w hich th ey  w ere p r e ­
p a r ed .
P o ta to -D e x tr o se  A gar
P e e le d  and s l ic e d  p otatoes  
A gar (D ifco)
D e x tr o se  USP  
D is t i l le d  w ater  to  m ake
C a rro t A gar
S cra p ed  and s l ic e d  c a r r o ts  
A g a r (D ifco)
D e x tr o se  USP  
D is t i l le d  w ater  to m ake
L ily -D e x tr o se  A gar
S lic e d  C reo le  L a s te r  l i ly  s c a le s  
A g a r (D ifco)
D ex tr o se  USP  
D is t i l le d  w ater  to m ake
200 gra m s  
17 gram s  
20 gram s  
1 lite r
200 g ra m j  
17 gram s  
20 gram s  
1 lite r
200 gram s  
17 gram s  
20 gram s  
1 lite r
In p rep a ra tio n  of th e se  m ed ia , the p o ta to e s , c a r r o ts ,  and the 
l i ly  s c a le s  w ere tr ea ted  in the sa m e m anner a s  fo llo w s: p ie c e s  w ere  
su sp en d ed  in 500 m is .  of d is t i l le d  w ater  and m ain ta in ed  ju st  b e low  the 
b o ilin g  point of the so lu tio n  fo r  15 m in u te s . The re su lt in g  su sp en sio n
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w as f ilt e r e d  through two th ic k n e sse s  o f c h e e s e  c lo th , the p r e v io u s ly  
m elted  agar added , and the f in a l volum e brought to  one l i t e r .  F ifte en  
m ill i l i t e r s  o f the m ed ia  w ere  b u rretted  in to  each  t e s t  tube (20 X 150 
m m . p y rex ), s to p p ered  w ith  cotton , and a u to c la v ed  a t  15 pounds p r e s ­
su r e  for 20 m in u te s . P r io r  to u se  in g ro w th  s tu d ie s , the agar in  the 
tu bes w as m e lte d  and the contents of one tube poured  into a s t e r i le  
P e tr i  d ish .
m ethod  of p rep a ra tio n  d e sc r ib e d  p r e v io u s ly  w ith the excep tion  th at ap ­
p ro p r ia te ly  b u ffered  so lu tio n s  w ere u se d  in  p lace of d is t i l le d  w a te r . 
T h ese  so lu tio n s  w ere  p rep a red  accord in g  to S o ren so n 's  m ethod a s  
d e sc r ib e d  b y  Hawk, O ser and S u m m erson  (2 ). S o lu tion s b u ffered  at 
pH 5 .0 ,  5 .5 ,  6 .0 ,  6 .5 ,  7 .0 ,  7 .5 ,  and 8-.0 w ere p rep a red . A fter  p r e ­
paration  and s te r i l iz a t io n , the fin a l pH of ea ch  batch  of agar w as
o
ch eck ed . T he pH d eterm in a tio n s w ere m ad e at 60 C . F in al pH va lu es  
w ere  as fo llo w s:  pH 5 .0  in c r e a se d  to 5 .4 8 ;  5 .5  to 5 .7 0 ;  6 .0  to 6 .0 2 ;
6 . 5 d e c r e a s e d  to 6 . 39; 7. 0 to  6 . 75; 7 .5  to  7 . 25; and 8 . 0 to 7. 72 .
A b u ffered  p o ta to -d e x tr o se  agar w a s p rep a red  using the sa m e
O atm eal
O atm eal (Q uaker Oats C o .)  
A gar (D ifco )
D e x tr o se  USP  
D is t i l le d  w ater  to make
200 gram s  
17 gram s  
20 gram s
1 lite r
The o a tm e a l w as p la ced  in a 1000 m l. E r le n m e y e r  f la sk  w ith  
500 m is .  o f d is t i l le d  w ater and m ain ta in ed  a t 60°C . fo r  one h ou r. The
18
r esu ltin g  su sp e n sio n  w as g en tly  sq u ee zed  through two th ic k n e sse s  of 
c h e e s e  c lo th  and added to the p r e v io u s ly  m e lted  a g a r . F in a l volum e  
w as ad ju sted  to one l i t e r .  F iftee n  m il l i l i t e r s  of th is  m ed iu m  w ere  
d isp en sed  into each  te s t  tu b e, sto p p ered  w ith  a cotton  p lug, and 
s te r i l iz e d  by au toclav in g  fo r  20 m in u tes a t 15 pounds p r e s s u r e .
C za p eck 's  A gar
Sodium  n itra te
M onobasic p o ta ss iu m  phosphate  
P o ta ss iu m  ch lo r id e  
M agn esiu m  su lfa te  . 7HOH 
F e r r o u s  su lfa te  
A gar (D ifco )
S u c r o se  £JSP 
D is t il le d  w ater to m ake
3 . 0 gram s  
1. 0 g ra m  
0 . 5 gram  
0 .5  g ra m  
0 .0 1  gram  
17 .0  gram s  
30 . 0 gram s  
1 .0  lite r
T his m ed iu m  w as d isp en sed  into t e s t  tubes and s t e r i l iz e d  in the 
sa m e  m anner as d e sc r ib e d  for the p r e v io u s ly  m en tion ed  m ed ia .
F r ie s  M in im al N o. 3
A m m on iu m  ta rtra te 3 .0  gram s
A m m on iu m  n itra te 1. 0 g ram
M onobasic p o ta ss iu m  phosphate 1. 0 g ra m
M agn esiu m  su lfa te  . 7HOH 0. 5 g ra m
S odium  ch lo r id e 0 . 1 g ra m
C a lc iu m  ch lo r id e  . 2HOH 0. 1 g ra m
G lu co se 2 0 .0  gram s
F e r r ic  ch lo r id e  (1% aqueous s o ln .) 0 . 5 m l.
T ra ce  e le m en t so lu tion 1 .0  m l.
D is t i l le d  w ater to m ake 1. 0 l i te r
The tr a c e  e le m e n t so lu tio n  w as p rep a red  to con ta in  the fo llo w ­
ing q u an tities per l i te r  of so lu t io n :  boron , 0 .0 1  m g .;  co p p er , 0 . 1 m g .;  
m a n g a n ese , 0 .0 2  m g .;  m olybdenum , 0 .0 2  m g .;  and z in c , 2 .0  m g s .
A ll  c h e m ic a ls  u se d  in  the p rep aration  of th e se  m edia  w ere  r e ­
agen t grade m a te r ia ls  ex cep t w h ere s p e c if ic  m en tion  is  m ade oth erw is  
A ll  g la s s w a r e  u se d  in liq u id  m edia  s tu d ies  w as p rep ared  as 
fo llo w s: The g la s s w a r e  w as w ash ed  in hot soapy  w ater  fo llo w ed  by  
r in s e s  w ith  hot w ater  and e th y l a lc o h o l. It w as then soaked  in a s u l ­
fu r ic  a c id -d ic h r o m a te  so lu tio n  over n igh t, fo llo w e d  by w ashing in hot 
so a p y  w a te r , and f in a lly  r in se d  th ree  t im e s  in d is t i l le d  w a ter . Liquid  
m ed ia  w ere  added to  250 m l. E h r le n m ey e r  f la sk s  a t  the rate of 20 m is  
p er f la s k . The f la sk s  w ere  sto p p ered  w ith  lo o se  cotton  p lugs and 
s te r i l iz e d  b y  au toclav in g  fo r  20 m in u tes a t 15 pounds p r e s s u r e . In 
sto p p er in g  the f la s k s ,  a  s p e c ia l  e ffo r t  w as m ade to k eep  the p lugs u n i­
fo r m  in a ll f la s k s ,
C ulture Inoculations  
T r a n s fe r s  to a gar  p la tes  u se d  in grow th  s tu d ie s  w ere made 
fr o m  f iv e -d a y  old  c u ltu r e s  grow ing on o a tm ea l a g a r . T his m ed iu m  
w as found to produce the b e s t  sp o ru la tio n  in  the is o la te s  co n cern ed . 
T r a n sfe r s  w ere  a ffe c te d  b y  g en tly  rubbing the p er ip h ery  of the co lon y  
w ith  the tr a n s fe r  n eed le  and then  touching the cen ter  of the t e s t  plate  
w ith  the n e e d le .
L iq u id  m ed iu m  in ocu la tion s w ere  m ade by co n id ia l su sp en sio n s  
in  the fo llo w in g  m anner: C onid ia  w ere  obta ined  fr o m  se v e n -d a y  old  
cu ltu re s  grow in g  on o a tm ea l a g a r . F iv e  m il l i l i t e r s  of s te r i le
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p h y s io lo g ic a l sa lin e  w ere  poured  onto the su r fa c e  of the cu ltu re and 
the con id ia  fr e e d  by g en tly  rubbing the co lon y  su r fa c e  w ith  a tr a n sfer  
n e e d le . T he resu ltin g  su sp e n sio n  w as f ilt e r e d  through  a s te r i le  cotton  
plug into a s te r i le  cen tr ifu g e  tube, cen tr ifu g ed  fo r  ten  m in u tes , and  
the su p ern atan t flu id  d ecan ted . The sp o r e s  w e re  resu sp en d e d  in 5 
m il l i l i t e r s  o f s te r i le  d is t i l le d  w a te r , cen tr ifu g ed  a seco n d  tim e fo r  
ten  m in u te s , and the sup ernatan t f lu id  d ecan ted . The en tir e  op eration  
w as rep ea ted  a th ird  tim e and a fter  decantation  the sp o r e s  w ere  s u s ­
pended in s te r i le  d is t i l le d  w a ter . The num ber of sp o r e s  per m il l i l i t e r  
w as d e term in ed  b y  counting in a h a e m o c y to m e te r . T h is su sp e n sio n  w as  
then  ad ju sted  so  that ea ch  m l. of so lu tio n  con ta in ed  a p p ro x im a te ly  
5 0 ,0 0 0  s p o r e s .
U sing a s t e r i le  0 . 1 m l. s e r o lo g ic a l  p ip e tte , 0. 1 m l. of the s u s ­
p en sion  w as tr a n sfe r r e d  to e a c h  f la s k  of liq u id  m ed ia . A ll  grow th  stu d ie s  
w ere  c a r r ie d  out a t 2 9 °C . , u sin g  th ree  r e p lic a t io n s . W eights w ere  
d eterm in ed  ea ch  day s ta r tin g  w ith the seco n d  day a fte r  in itia l incubation . 
The m y c e lia  m ats w ere  ob ta in ed  b y  f ilte r in g  the con ten ts of a f la sk  
through a B u ch n er fu n n el. The fungus w as rem o v ed  by  ro llin g  the 
m atted  m y c e lia l  in to a b a ll, a fter  w hich  the b a lls  w ere  p la ced  in  c o n ­
ta in er s  and a llo w ed  to dry fo r  24 hours at 8 0 °C . W eights o f the d r ied  
m ats w ere m ade im m ed ia te ly  a fter  w ithdraw al fr o m  the drying oven  to  
p rev en t w ater  uptake.
PATHOGENICITY STUDIES OF COL.LETOTRICHUM ISOLATES
In. 1949, the f i r s t  of a s e r ie s  o f C o lie to tr ic h u m  iso la te s  r e ­
sem b lin g  C . l i l i i  w as r e c e iv e d  for s tu d y . P la k id a s (12) show ed  th is  
is o la te , O re . '49, to be n o n -p a th o g en ic  to C r e o le  E a s te r  l i ly  bulbs and  
that its co lo n y  grow th  on va r io u s m ed ia  w as c o n s id e r a b ly  le s s  than  
that of the p athogenic C . l i l i i .
D uring the n ex t th ree  y e a r s  iso la t io n s  w ere  m ade fro m  le s io n s  
on bulb s c a le s  of a v a r ie ty  of bulbs b ein g  im p o rted  fr o m  the O rient, 
and fro m  bu lb s and v a r io u s p lant m a te r ia ls  in th is  co u n try . The 
p resen t in v e stig a tio n  w as s ta r te d  w ith  n ine su c h  is o la te s  and in ­
c r e a s e d  to 16 a fter  the f ir s t  y e a r 's  w o rk . E a ch  iso la te  w as s e le c te d  
b e ca u se  the sp o r e s  w ere  e s s e n t ia l ly  the sa m e s iz e  and shape as th o se  
of Ck_ l i l i i .
P a th o g en ic ity  te s t s  w ith  ea ch  iso la te  w e r e  c a r r ie d  through a t  
l e a s t  two grow in g  s e a s o n s .  T h ese  s tu d ie s  c o n s is te d  of d eterm in in g  
w hether or not the is o la te s  w ere  p athogen ic to the known su sc ep tib le  
C re o le  E a s te r  l i ly ,  and w hether or not th ey  w ere  p athogen ic to bulbs  
o f the type fr o m  w hich  th ey  w ere  o r ig in a lly  iso la te d . In ad d ition , h o st  
range stu d ies  w ere con d u cted  w ith  C. l i l i i  in an e ffo r t  to d eterm in e  
w hether or not other s p e c ie s  of l i ly  b u lbs w ere  su sc e p t ib le  to b lack  
s c a le .
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S tu d ies With, the C r eo le  E a s te r  L ily  
R e su lts  of s tu d ie s  w ith  the C reo le  E a ste r  l i l y  indicate that 
th e fo llow in g  iso la te s  a re  not pathogenic: 4 9 -3 3 , 13076, 13077, 13081, 
25530, 2 7 5 3 4 , 72535, 27536, 2 7538 , 2 7884 , 77 9 3 -A , O re. *49, O re . ’50, 
H am . , P a . , and W ash. T here w as no in d ication  that e ith er  of the 
O regon is o la te s  c a u se d  the b r o w n -sc a le  or tip  rot con d ition s d e sc r ib e d  
b y  M cW horter (7). The pathogenic is o la te ,  L a . ,  produced  ty p ica l 
b la ck  s c a le  sym p tom s on bulbs ea ch  s e a so n ,
P a th o g en ic ity  S tu d ies W ith Other L il ie s  
I so la te s  4 9 -3 3 , 13077, 27535 , 27536 , 27538, and 7 7 9 3 -A  w ere  
not p athogenic to bu lbs of the type from  w h ich  they w ere  o r ig in a lly  i s o ­
la te d . O regon is o la te s  '49 and '50 w ere n ot p athogenic to e ith e r  the  
C roft or E s ta te  E a s te r  l i ly  b u lb s . T here w as no ev id en ce  that th ese  
is o la te s  w ere  r e sp o n s ib le  fo r  b r o w n -sc a le  or tip  ro t  co n d itio n s . The 
t ip  rot con d ition  w as p r e se n t on p r a c t ic a lly  a l l  of the C roft b u lb s u se d  
in  th ese  e x p e r im e n ts .
B u lb s of the type fr o m  w hich  iso la te s  27534 , 25530, and 27884  
w ere  o r ig in a lly  taken w ere  e ith e r  not a v a ila b le , or the bulb type w as 
unknown. The p ath ogen icity  s ta tu s  of is o la te s  130 76 and 13081 w ith  
r e s p e c t  to bu lb s of the type fr o m  w hich  they  w ere o r ig in a lly  iso la te d  
r em a in s  u n d eterm in ed . B oth  L , h a n so n ii and L . au ratu m  v a r .  
p latyp h yllu m  fa ile d  to grow  under L o u isia n a  co n d itio n s .
H ost R ange S tudies With l i l i i  
P a th o g en ic ity  stu d ies  w ith  bulbs of c a l lo s u m , L . cern u u m ,
L . candidum  (C a sca d e  and W hite E lf  s tr a in s ) ,  L . D a v id ii 'M a x w ill1,
L . fo rm o sa n u m  (W ilson  S tra in ), H en ry i, L . ja p o n icu m , L . r e g a le , 
sp e c io su m  v a r . a lbum , L . sp e c io s u m  v a r . rubrum , in d ica ted  that 
th ey  w ere  not su sc e p tib le  to b la ck  s c a le .  'In  addition  to th is group  we 
m ay add Lj_. co n eo lo r  bulbs w h ich  show ed  no b la ck  s c a le  le s io n s ,  but 
fro m  w h ich  the fungus could  be iso la te d . A t h a r v e s t  it w as noted  that 
p r a c t ic a lly  a ll  the b u lb s in the co n tro l and d ise a se  trea tm en ts  show ed  
a  d ie -b a ck  of the s c a le  tips s im ila r  in ap p earan ce to that s e e n  in the 
C roft E a s te r  l i ly  b u lb . T h ese  a r e a s  n ev er  in vo lved  m ore than 3 -5  m m . 
of the s c a le  tip, and gave the ap p earan ce of being d r ied  up. T his was 
p a r tic u la r ly  con sp icu ou s in the d ise a se  trea tm en t b eca u se  of the ■ 
abundance o f a c e r v u li  on the d r ied  t is s u e .  Iso la tio n s  L C -1  to  L C -5  
w ere m ade fro m  th e se  a r e a s .  Of the f iv e  is o la t e s ,  th ree  p ro v ed  to be 
p athogenic to C reo le  E a s te r  l i ly  b u lb s. A c e r v u li w ere  a lso  n o ted  on 
the co n tro l b u lb s, but not to the ex ten t s e e n  in the d is e a s e d  trea tm en t.  
I so la tio n s  fro m  co n tro l bulbs a l l  proved  to be n o n -p a th o g en ic .
The rem a in in g  group  of bu lbs u se d  in p ath ogen ic ity  s tu d ie s  w ith  
C . l i l i i  p ro v ed  to be su sc ep tib le  to the fu ngu s. T h is group inclu d ed  
b ulbs of Ij . a m a b ile , L . d au ricu m  v a r . sangu in eu m , L . m artagon  v a r .  
alb u m , L . p u m ilu m , L . u m b ella tu m , and four c o m m e r c ia l E a s te r  l i ly  
v a r ie t ie s ,  C r e o le , C ro ft, E s ta te , and G eo rg ia . A s p r e v io u s ly  noted ,
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b u lb s of_L_. H an son ii and L . au ratu m  v a r . p latyp h yllu m  fa ile d  to g e r m ­
inate and ro tted  in the s o i l .
P hotographs show ing  bulb in fec tio n  and variou s a s p e c ts  d i s ­
c u s s e d  in th is se c t io n  a re  show n in P la te s  I through  VII. P la te  I, 
f ig u r e s  1 and 2 show  bu lb s and s c a le s  o f the C ro ft E a s te r  l i ly  w h ich  
ex h ib it d ie -b a c k  of the s c a le  t ip s .  P la te s  II and III show  d ise a s e d  and  
h ea lth y  bulbs of the four c o m m e r c ia l E a s te r  l i l i e s  u se d  in th e se  s tu d ie s .  
P la te s  V to VII, show  d ise a s e d  and h ea lth y  bu lbs of L^ m a rta g o n , v a r . 
a lb u m , Li. pum ilum , L . d a u ricu m  v a r . s angu in eu m , and L . u m b ella tu m , 
r e s p e c t iv e ly .  The la tte r  two p la te s , in add ition  to  the c o n tr o l and  
d is e a s e d  tr e a tm e n ts , sh ow  bulbs grow n in s o i l  in fe s te d  b y  iso la te s  
w hich  w ere o r ig in a lly  taken  fr o m  bu lb s of th e se  s p e c ie s .
D is c u s s io n
The r e s u lt s  of p a th o g en ic ity  s tu d ie s  ob ta in ed  w ith  the va r io u s  
is o la te s  tend to sup p ort the fa c t  that the s e v e r e  fo r m  of b la ck  s c a le  
d is e a s e  is  l im ite d  to L o u is ia n a  and B erm u d a . A lthough  the d is e a s e  
has b e e n  re p o r te d  in A lab am a and F lo r id a , th ese  re p o r ts  have n ev er  
a c tu a lly  b een  co n fir m ed  b y  su ita b le  grow th  s tu d ie s  of the o r g a n ism  in ­
v o lv ed  o r  b y  p a th ogen ic ity  t e s t s .  In v ie w  of the apparent s im ila r ity  of 
b la ck  s c a le  le s io n s  to th o se  prod u ced  by  o th er c a u s e s ,  and the in a b ility  
to d ifferen tia te  b etw een  s p o r e s  fr o m  s c a le  le s io n s  and th o se  of C . l i l i i ,  
su ch  r e p o r ts  o f b la ck  s c a le  sh ou ld  be co n firm ed  b y  su ita b le  t e s t s .
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P a th o g en ic ity  s tu d ies  in d icate that bulbs o f a m a b ile , L . 
d au ricu m  v a r . s anguine u m , L . m artagon  v a r . a lb u m , L . pum ilum ,
L.. u m b ella tu m  and the E a s te r  l i l i e s ,  C r e o le , C ro ft, E s ta te , and  
G eo rg ia  w ere su sc e p tib le  to the b la ck  s c a le  d is e a s e .  W ith the e x c e p ­
tion  of the C re o le  b u lb s, th is is the f ir s t  tim e  that bu lbs of th ese  
s p e c ie s  have b een  r ep o r ted  a s  s u s c e p t ib le .  S ince th is  study included  
on ly  a s m a ll  p ercen ta g e  of the known v a r ie t ie s ,  s p e c ie s  and hybrids  
of the genus L iliu m , it is  p o ss ib le  that th ere m ay be o th er s p e c ie s  o f 
th is  group  w h ich  w ould prove to be su sc e p tib le  to C . l i l i i .  In add ition , 
th ere  is  the c a s e  o f L . co n co lo r  bulbs w hich  show  no apparent d ise a se  
sy m p to m s, but on w h o se  b u lbs the fungus can e x is t  a s  a  sap rop h ytic  
o r g a n ism .
It is  a  w e ll  known fa c t  that bulbs o f l i l i e s  a r e  u su a lly  w h ite , 
y e llo w ish  w h ite , or sh a d es  of brow n to r e d d ish  purple in c o lo r . Som e  
v a r ie t ie s  a r e  w hite w hen dug and a fter  ex p o su re  to lig h t w ill  show  red d ish  
purple f le c k s .  It w as o b se r v e d  that of the bulbs w h ich  w ere  su sc e p tib le  
to b la ck  s c a le ,  a l l  w ere  of the w hite or y e llo w ish  w hite grou p . On the 
oth er hand the m a jo r ity  of bulbs w hich w ere  not su sc e p tib le  w ere  c o lo r e d  
or b eca m e purple f le c k e d  on e x p o su r e  to lig h t. The ex cep tio n  to th is  a re  
L . c a llo su m , L . cern u u m , L . candidum  (both s tr a in s )  and sp e c io s u m  
v a r . a lb u m . Of th is grou p , both  L . sp e c io su m  v a r . a lb u m  and JL. 
candidum  have v a r ie t ie s  w ith in  the s p e c ie s  w hich  a re  c o lo r e d . The 
s ig n if ic a n c e  of th is  o b se rv a tio n  is  not known, h o w ev er , it is  su g g e st iv e
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o f  the type of r e s is ta n c e  ex h ib ited  by onions w ith red  or  y e llo w  sk in s  
a g a in st the sm u d ge fu n gu s, C . c ir c in a n s .
LABORATORY STUDIES
T his portion  of the in v estig a tio n  is co n cern ed  w ith attem p ts to 
find  a rap id  m eans of d ifferen tiatin g  b etw een  pathogenic and non- 
pathogenic C o lle to tr ich u m s occu rrin g  on li ly  b u lb s . P a th ogen icity  
t e s t s ,  a s  d escr ib ed  p rev io u sly , take about nine m onths and a re  of l it t le  
value to an in sp ecto r  who is  holding a bulb sh ip m en t in quarantine w ith  
the idea of d eterm in ing w hether or not the bulbs a re  in fec ted  with b lack  
s c a le .  T his p rob lem  was approached in four w a y s: f ir s t ,  a ttem pts to 
g e t in fection  on bulb s c a le s  in the lab oratory; se co n d , a c r it ic a l  study  
of m orp h o log ica l fea tu res o f th ese  iso la te s ;  th ird , growth stu d ies  on 
variou s cu lture m ed ia  along w ith  tem p eratu re and pH req u irem en ts;  
and f in a lly , grow th  stud ies on  liquid m ed ia .
L aboratory  Inoculation of B u lb  S ca le s  
V arious attem pts in the past to obtain in fec tio n  of bulb s c a le s  
under la b o ra to ry  conditions have m et w ith  m ixed  s u c c e s s .  A ccord in g  
to P lak id as (11), W hetzel had made u n su c c e ss fu l a ttem pts in the la b o r a ­
to ry . P lak idas w as a lso  u n su c c e ss fu l in s im ila r  a ttem p ts . R eynolds
(14 ), h ow ever , s ta te s  that he w as able to obtain in fec tio n .
The author has attem p ted  in part to reproduce the r e s u lts  of 
R eynolds (14) but w as en tir e ly  u n su c c e ss fu l in th e se  a ttem p ts . It was 
found that C. l i l i i  would liv e  around the s ite  of n eed le  punctures on the
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bulb s c a le s ,  but th ere  w as no le s io n  prod u ced  w hich w ould  s u g g e s t  
that the fungus w as sp read in g  throu gh  the t i s s u e .  T h is  s itu a tio n , how - 
ev e r , w a s o b se r v e d  fo r  a l l  o th er iso la te s  and  on the b a s is  of the 
ab sen ce of sym p tom s it  w as co n clu d ed  that in fection  had not b een  a f ­
fec ted . O ther a ttem p ts to g et in fec tio n  m et w ith  a s im ila r  fa te . One 
such  a ttem p t included  sto r in g  b la c k  s c a le  in fe c ted  bulbs w ith h ea lth y  
bulbs for  a  p eriod  of s ix  m onths in  p la stic  co n ta in ers  a t 22°C . The 
bulbs w e r e  in sp ected  a t su ita b le  in te r v a ls  b u t th ere w as no sp rea d  of 
in fection  fr o m  the d is e a s e d  to the h ealthy b u lb s .
M orp h o log ica l S tu d ies
A s  s ta ted  p r e v io u s ly  a l l  is o la te s  w ere  s e le c te d  fo r  th is in v e s t i ­
gation b e c a u s e  th eir  sp o r e s  w ere  com p arab le  in s iz e  and shape to C . 
l i l i i .
S p o r e s  of th e se  is o la te s  a r e  fa lc a te , h ya lin e , v a cu o la te , and in  
m ass th ey  a re  sa lm o n  c o lo r e d . T he v a cu o le s  of the pathogenic fungus  
appeared  to be s lig h tly  la r g e r  and m ore p ro m in en t. A n  a n a ly s is  of 
variance o f the sp o r e s  of th ese  i s o la te s  a fter  ten days grow th  on o a t­
m eal a g a r  in d icated  no d ifferen ce  in s iz e  w hen co m p a red  w ith the p atho­
gen ic  fu n g u s. The r e s u lt s  of th e se  m ea su rem en ts  a re  show n in T ab le I.
A c e r v u li  of th e se  is o la te s  w ere  dark brow n to  b la ck  in co lor ., 
m ostly  g r e g a r io u s , and d en se ly  s e to s e ;  s e ta e  dark b row n , r ig id , 
stra ig h t, continuous o r  se p ta te . A n a n a ly s is  of v a r ia n ce  of m ea su rem en ts
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T ab le I. C onidia m ea su r e m e n ts  in m ic ro n s  of v ariou s C o lle to tr ich u m  
i s o la te s  a fter  ten  days grow th  on o a tm ea l a g a r .
Is o la te  s
S p ores
M ea su red
L ength W idth
R ange A v era g e R ange A v era g e
L a. 229 1 2 . 8 - 2 4 . 0 18 . 2 3 . 0 - 5 . 3 3 . 8
4 9 - 3 3 292 1 2 . 8 - 2 2 . 5 17 . 8 3 . 0 - 4 . 5 3 . 7
13076 256 1 2 . 0 - 2 3 . 3 17. 5 3 . 0 - 4 . 5 3 . 7
13077 241 1 2 . 8 - 2 2 . 5 17.5 3 . 0 - 4 . 5 3 . 7
13081 206 12S 8 - 2 2 . 5 17 . 6 3 . 0 - 4 . 5 3 . 7
25530 296 1 3 . 0 - 2 3 . 3 1 7 . 4 3 . 0 - 4 . 5 3; 7
27534 271 1 3 . 5 - 2 3 .  3 18 .5 3 . 0 - 4 . 5 3 . 7
27535 286 1 3 . 5 - 2 3 . 3 18 . 4 3 . 0 - 4 .  5 3 . 7
27536 164 1 3 . 0 - 2 3 . 3 17 . 6 3 . 0 - 4 . 5 3 . 7
27538 156 1 2 . 0 - 2 3 . 3 18 . 4 3 . 0 - 4 . 5 3 . 8
27884 275 1 3 . 5 - 2 3 . 3 18. 7 3 . 0 - 4 .  5 3 . 7
7 7 9 3 -A 263 12. 0i-23. 3 17 .9 3 . 0 - 5 . 3 3 . 8
O r e . '49 248 12. 8 - 2 1 .  0 17.4 3 . 0 - 5 . 3 3 . 9
O re. '50 233 1 2 . 8 - 2 3 . 3 17 . 3 3 . 0 - 5 . 3 4 .  0
H am . 280 1 2 . 8 - 2 4 . 3 19. 1 3 . 0 - 5 . 3 4 . 0
P a . 257 1 3 . 5 - 2 4 . 3 18. 8 3 . 0 - 4 . 5 3 . 8
W ash. 233 1 2 . 8 - 2 4 . 3 19. 3 3 . 0 - 5 . 3 3 . 9
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of a c e r v u li  and s e ta e  of th ese  is o la te s  in d ica ted  that iso la te s  27538,
H am . , P a . , and W ash. , w ere  d ifferen t fr o m  C . l i l i i  in  s iz e  of a c e r v u li  
and s e ta e . Iso la te  25530 w as s ig n if ic a n tly  d ifferen t in s iz e  of s e ta e .
The r e s u lt s  of th e se  m ea su rem en ts  a re  found in T ab le II.
G row th S tu d ies on S o lid  M edia  
T h ese  s tu d ies  c o n s is te d  of m ea su r in g  in c r e a s e s  of co lon y  d ia m ­
e te r  of a l l  is o la te s  on  fiv e  d ifferen t m ed ia , on p o ta to -d ex tr o se  a gar  at 
va r io u s h y d ro g en -io n  c o n cen tra tio n s , and on p o ta to -d ex tro se  agar  at  
variou s te m p e r a tu r e s . A ll  s tu d ie s  e x c e p t  tem p era tu re  s tu d ies  w ere  
c a r r ie d  out at 29°G.
In grow th  s tu d ie s  on v a r io u s  m ed ia  the fo llow in g  w ere  u sed :  
o a tm ea l a g a r , l i ly  a g a r , p o ta to -d ex tro se  agar* c a r r o t  a g a r , and  
C za p eck 's  a g a r . R e su lts  of th e se  s tu d ie s  in d icate  that the O regon i s o ­
la te s  w ere  d ifferen t fr o m  the p athogen ic fungus in that d ia m eter  in ­
c r e a s e s  a fte r  s ix  days w ere co n s id er a b ly  l e s s .  T h ere w ere  a lso  
s ta t is t ic a l ly  s ig n if ic a n t  d iffe r e n c e s  b etw een  C . l i l i i  and s e v e r a l  of 
the other i s o la t e s .  T h ese  d iffe r e n c e s  w ere  of su ch  nature that fr o m  
a p r a c t ic a l v iew  th ey  w ould not be re a d ily  a p p aren t. R e su lts  of th e se  
s tu d ie s  a r e  show n in T able III.
G row th s tu d ie s  on p o ta to -d e x tr o se  agar at va r io u s h y d ro g en -io n  
co n cen tra tio n s  sh ow ed  e s s e n t ia lly  the sam e r e s u lt s  a s  the p rev io u s  
stu d y . The O regon iso la te s  g re w  c o n s id er a b ly  s lo w e r  than C . l i l i i ,
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T able II. M ea su rem en ts  in m ic ro n s  of a c e r v u li  and s e ta e  of va r io u s  
C o lle to tr ich u m  is o la te s  a fter  t h ir t y - s ix  days grow th  on 
s te r i l iz e d  C r e o le  E a s te r  l i ly  s c a le s .
A c e r v u li S etae  L en gth Setae Width
Iso la te s R ange A v e . R ange A v e . R ange A ve
L a • 4 6 - 1 1 5 6 8 . 5 2 4 . 4 - 6 3 . 6 4 3 . 6 3 . 0 - 6 . 1 5 . 0
4 9 - 3 3 5 0- 136 -  7 0 . 3 2 6 . 7 - 6 9 . 6 4 6 .  0 3 . 0 - 5 . 3 4 .  6
13076 4 7 - 1 2 6 6 7 . 3 2 9 . 4 - 6 4 . 9 4 7 . 2 3 . 8 - 6 .  1 5 . 4
13077 5 1- 1 24 6 9 . 8 2 4 . 4 - 7 0 . 3 4 8 .  7 3 . 0 - 6 . 1 5 . 3
13081 5 1- 119 7 0 . 4 2 4 . 4 - 6 7 . 4 4 8 .  0 3 . 0 - 6 .  1 5 .9
25530 6 4 -1 4 8 8 2 . 2 4 1 . 2 - 1 0 6 . 0 7 3 . 3 4 . 5 - 6 . 9 5 . 8
2 7534 4 7 - 1 2 9 67.  3 3 9 . 6 - 8 9 . 0 6 6 . 3 3 . 8 - 6 .  1 5.  1
27535 53 - 13 6 7 3 . 8 2 9 . 8 - 7 6 . 2 60.  8 ' 3 . 8 - 6 .  1 5 . 0
27536 51-123 68.  8 2 3 . 6 - 7 2 . 7 4 5 . 3 3 . 0 - 5 . 3 4 . 7
27538 73-243 129. 0 65.  1-183.0 1 21 . 0 5 . 3 - 8 . 4 7 . 2
27884 4 5 - 1 3 3 7 0 . 2 36.  6 - 7 3 , 4 57.  0 3 . 8 - 6 .  1 4 . 9
7 7 9 3 -A 4 8 - 1 4 5 73.  1 3 9 . 6 - 7 2 . 7 5 3 . 0 3 . 8 - 5 . 3 4 . 9
O re . '49 4 1 - 1 3 0 6 9 . 6 3 4 . 2 - 7 2 . 7 5 1 . 4 3 . 0 - 5 . 3 4 . 6
O re . '50 4 9 - 1 4 1 7 1 . 2 2 9 . 1 - 6 9 . 6 4 8 .  3 3 . 8 - 5 . 3 4 . 5
H am . 8 6 -2 4 2 134 . 0 6 9 . 6 - 1 6 7 . 0 118 . 0 5 . 3 - 7 . 6 6.  5
P a . 8 6- 25 9 168.0 72.  7-206. 0 1 38 . 6 5 . 3 - 8 . 4 7. 1
W ash. 6 9 - 2 3 0 146. 0 69 . 6-186 .  0 120 .0 4 . 5 - 7 .  6 6 . 8
32
T ab le  III. The a v era g e  d ia m eter  in c r e a s e s  o f C o lle to tr ich u m  is o la te s  
in  m il l im e te r s  a fter  s ix  days grow th  on fiv e  d ifferen t m ed ia  
at 2 9 ° C .
I so la te PDA C a rro t L ily O atm eal C zapek
L a . 73. 1 64 . 7 6 1 . 3 6 3 . 2 56.  8
4 9 - 3 3 7 4 . 6 7 1 . 0 7 0 . 3 6 8 . 4 70.  1
13076 7 6 . 3 7 2 . 0 7 1 . 8 7 1 . 5 57.  8
13077 6 1 . 8 5 9 . 3 60.  8 6 1 . 0 5 5 . 3
13081 6 3 . 0 60.  5 6 0 . 3 64.  3 6 1 . 0
25530 6 5 . 8 64.  7 68.  1 63.  3 5 1 . 9
27534 6 1 . 5 . 6 0 . 4 5 9 . 5 5 9 . 0 5 3 .  1
27535 6 2 . 3 6 1 . 5 59.  0 6 3 . 4 54 .  7
27536 71 . 3 6 9 . 4 6 3 . 2 64.  0 5 4 . 3
27538 74 .6 7 3 . 2 71 . 5 73.  7 5 8 . 4
27884 7 0 .6 7 1 . 4 6 5 . 4 7 0 . 0 5 8 . 5
7 7 9 3 -A 7 6 . 4 75 , 8 70 .5 7 2 . 9 6 0 . 2
O r e . '49 4 7 . 3 5 0 . 5 5 2 . 6 50.  1 34 .  7
O re. '50 4 6 . 7 5 1 . 0 5 1 . 5 48 .  8 3 6 . 2
H am . 7 2 . 8 70 .5 6 8 . 3 7 0 . 0 5 6 . 0
P a . 7 4 . 2 7 1 . 0 70 . 5 7 2 . 5 5 9 . 8
W ash. 7 0 . 0 72. 5 70. 8 7 0 . 5 5 6 .  8
33
but had the sam e optim um  grow th  range with r e s p e c t  to pH. A ll  i s o ­
la te s  sh o w ed  a m axim u m  grow th  b etw een  pH 5 , 4 7  and 6 . 0 4 .  R esu lts  
of th ese  s tu d ie s  a re  show n in T ab le IV.
T em p era tu re  s tu d ies  in d ica ted  that the O regon  is o la te s  not only  
g r e w  s lo w e r  than C . l i l i i  a t a  g iv en  tem jjera tu re , but its op tim u m  
grow th ra n g e  of 2 3 ° C .  to 27° C.  w as lo w e r . A l l  other iso la te s  had the 
sa m e  grow th  range o f 27°C . to  3 1 °C . A s in the c a s e  of the s tu d ie s  on 
other m e d ia , there w ere  is o la te s  w h ich  show ed  s ig n if ic a n tly  d ifferen t  
grow th r a te s  but th ey  w ere su c h  that w ithout a s ta t is t ic a l  a n a ly s is  
l it t le  d iffe r en c e  w ould be ap p aren t. In addition th e se  d iffe re n c e s  w ere  
not apparent a t a l l  tem p e ra tu re s  fo r  a g iv en  is o la t e ,  nor w ere  th ere  
c o n s is ten t day by day d iffe re n c es  a t a g iv en  tem p e r a tu re . R e su lts  of 
th e se  s tu d ie s  are p re se n te d  in  T a b les  V to IX. E a ch  table g iv e s  the 
av era g e  d a ily  co lon y  d ia m eter  in m ill im e te r s  through  the s ix th  day of 
grow th.
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T able IY. The a v era g e  d iam eter  in c r e a s e s  o f C o lle to tr ich u m  iso la te s  
in  m ill im e te r s  a fter  s ix  days grow th  on b u ffered  p o ta to - 
d ex tro se  a gar  a t 29° C.
Iso la te 5 . 4 6 5.  70 6. 05 6.  35 6.  85 7. 50 7. 80
1 . 7 2 . 5 7 4 . 0 70.  3 67.  5 6 0 . 0 5 4 . 5 5 0 . 3
4 9 - 3 3 8 1 . 0 83.  3 8 1 . 5 74.  0 6 3 . 8 5 6 . 5 50.  8
13076 6 7 . 0 70.  8 70. 3 6 4 . 0 . 4 7 . 0 43 .,8 39.  8
13077 6 9 . 5 72.  8 6 9 . 5 . 63.  0 5 4 . 0 4 2 . 0 40.  3
13081 68.  8 72.  0 7 0 . 0 63.  3 5 4 . 8 4 2 . 5 39.  8
25530 6 4 . 3 6 9 . 0 67.  8 6 2 . 0 57.  5 50.  8 46 .  3
27534 6 9 . 3 7 2 . 5 69.  0 68.  0 56.  8 45 .  3 3 9 . 5
27535 6 8 . 5 7 2 . 0 65.  3 6 4 . 8 5 5 . 0 45.  5 41 .  3
27536 74. 8 79. 0 76. 3 6 9 , 5 63; 1 5 5 . 0 4 6 . 9
27538 69.  5 74.  3 7 3 . 0 62.  5 4 8 . 3 40.  0 38.  3
27884 80. 1 8 3 . 8 79.  3 6 9 . 5 57.  3 4 9 . 8 4 3 . 0
7 7 9 3 -A 70. 5 73.  3 7 0 . 5 6 4 . 0 54.  3 42.  8 4 1 . 3
Ore .  '49 52.  8 5 7 . 5 51.  0 43.  3 38.  8 3 4 . 0 2 8 . 5
O re. '50 51. 8 56 . 8 4 9 . 0 42 .  5 36.  5 32.  8 27.  3
H am . 70. 5 75. 8 73. 8 63. 8 4 9 . 3 4 3 . 5 40.-8
P a . 73. 2 7 8 . 5 75. 8 65.  0 5 3 . 3 4 5 . 8 42 .  8
W ash. 7 4 . 8 76. 5 7 3. 3 64.  5 5 3 . 0 44 ,  8 4 0 . 9
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T able V. A v er a g e  d ia m eter  in c r e a s e  in m ill im e te r s  of C o lle to tr ich u m  
iso la te s  on p o ta to -d ex tr o se  a g a r  a t va r io u s tem p era tu res  
a fte r  two days grow th .
Iso la te s 19°C 2 3 °C . 2 5 ° C . 2 7 ° C . 2 9°C . 31°C
L a , 8 .0 12. 3 15.8 1 9 . 0 20.  8 15.0
4 9 - 3 3 8 . 3 15.0 17 . 5 2 0 . 3 2 1 . 8 1 9 - 0
13076 13,0 16.3 20.  0 23.  3 2 4 . 0 2 0 . 0
13077 10. 8 14.3 18.3 23.  0 2 3 . 0 17 . 8
13081 9 . 8 14.8 2 1 . 5 2 2 . 8 23.  0 2 1 . 8
25530 3 . 8 6 . 8 11 . 8 15 . 8 16,3 15.0
2 7534 9 .0 10.8 15 . 8 16.0 18.3 16.3
27535 10.3 11.8 16.3 16 . 8 18. 0 16.3
27536 7 .5 13.8 15.0 19.0 2 1 . 3 19.3
27538 9 . 3 11.8 14.5 17 . 8 2 1 . 8 19. 3
27884 8 .3 10.8 17. 8 2 0 . 8 23.  3 2 1 . 5
7 7 9 3 -A 7. 5 10. 0 18. 3 2 1 . 5 22.  8 2 1 . 3
O re, '49 6 .0 10.0 12. 3 11.3 10. 8 8 . 3
O re . ’50 6. 8 10.0 9 . 0 7 . 0 6 . 8 5 . 8
H am . U .  3 16 . 0 23.  3 2 5 . 8 2 5 . 0 2 1 . 3
Pa . 16. 8 19.0 21.  3 26.  3 2 5 . 3 21.  0
W ash. 16 .0 17.9 19. 3 25.  0 24.  3 18.3
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T ab le  VI. A v era g e  d ia m eter  in c r e a s e  in m ill im e te r s  o f C o lle to tr ich u m
is o la te s  on p o ta to -d e x tr o se  agar at variou s tem p era tu res
a fte r  th ree  days grow th .
I so la te s 19°C . 2 3 °C . 2 5° C . 2 7 °C , 29°C. 3 1°C
La. 16.3 21.  8 26.  8 3 3 . 3 30.  5 2 4 . 3
4 9 - 3 3 18.3 2 6 . 3 3 1 . 5 3 4 . 3 3 9 . 0 34.  0
13076 2 1 . 5 27.  3 3 3 . 0 37.  0 3 9 . 3 3 3 . 0
13077 18. 5 23.  8 3 0 . 0 3 6 . 8 3 7 . 3 2 9 . 0
13081 2 3 . 0 2 8 . 8 33.  0 3 7 . 0 3 9 . 3 3 6 . 3
25530 10 , 0 15 . 8 2 4 . 5 2 6 . 3 2 8 . 0 2 6 . 3
27534 16. 8 18. 0 2 4 . 6 26.. 3 2 9 . 3 27.  8
27535 16 . 0 18.3 24.  6 2 6 . 0 28.  3 2 6 . 0
27536 14.0 19.3 2 0 . 5 2 6 . 3 3 7 . 0 2 8 . 5
27538 17. 3 22.  0 2 7 . 5 33.  0 34.  8 3 1 . 8
27884 15 . 0 20.  8 2 7 . 0 29.  3 3 1 . 8 2 9 . 9
7 79 3 -A 17. 5 2 5 . 8 30.  8 33.  0 38.  3 33.  3
Ore .  '49 12.3 17.3 20.  3 20.  3 17 . 8 14 . 5
O re. '50 12.0 16 . 5 2 1 . 0 20.  8 16.0 13 . 0
H am . 20. 0 2 6 . 8 35.  0 37.  8 3 9 . 5 3 7 . 0
Pa . 22,  8 2 8 . 3 34.  8 3 9 . 8 41 .  3 3 6 . 8
W ash. 23. 0 28 , 3 3 2 . 0 40 .  5 42 .  8 39 .  0
37
T able VII. A v era g e  d iam eter  in c r e a s e  in m il l im e te r s  of C o lle to tr ich u m
iso la te s  on p o ta to -d ex tr o se  agar a t v a r io u s tem p era tu res
a fter  four days grow th .
Iso la te s 19°C . 2 3 °C . 2 5 °C . 2 7 ° C . 29 °C . 3 1°C
L a . 23 . 5 3 3 . 3 38.  5
00.<\J 4 4 . 8 3 8 . 3
4 9 - 3 3 2 7 . 3 3 6 . 5 4 4 . 5 4 9 .  3 5 2 . 5 4 5 . 0
13076 28. 3 3 8 . 0 4 5 . 5 50.  8 5 3 . 0 45 .  8
13077 2 7 . 0 3 5 . 8 4 4 . 0 5 1 . 0 5 3 .3 4 1 . 8
13081 32. 8 4 0 . 3 45 .  8 5 1 . 5 5 4 . 0 5 1 . 3
25530 17.5 2 3 . 0 2 4 . 8 39.  8 4 3 . 0 38.  8
27534 2 4 . 8 2 5 . 5 32.  5 36.  8 50.  8 3 7 . 5
27535 2 4 . 8 2 6 . 3 3 2 . 0 3 7 . 5 52 „ 0 3 9 . 3
27536 22. 0 2 9 . 5 31.  8 39.  0 51.  3 40 .  0
27538 2 6 . 5 3 2 . 8 4 0 . 5 4 3 . 3 4 6 . 8 4 3 . 5
27884 26. 3 31 . 5 38.  8 43 .  5 4 6 . 5 4 2 . 0
7 793-A 26.  8 . 35.  8 43.  0 47 .  8 51.  0 4 4 . 3
O r e . '49 19. 8 2 4 . 8 28.  3 2 9 . 5  , 2 4 . 0 2 0 . 0
O re . 150 18. 8 2 3 . 8 2 8 . 5 28.  3 2 2 . 0 19.5
H am . 3 1 . 0 4 0 . 0 47 .  8 5 2 . 3 53.  8 4 8 . 3
Pa . 3 4 . 8 4 1 . 0 46.  0 5 5 . 3 5 4 . 3 4 6 . 3
W ash. 3 0 , 8 4 0 . 3 4 7 . 5 5 3 . 8 55 . 3 5 4 . 8
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T able VIII. A v era g e  d ia m eter  in c r e a s e  in m ill im e te r s  of C o lle to tr ich u m
is o la te s  on p o ta to -d e x tr o se  agar  at v a r io u s tem p era tu res
a fter  f iv e  days grow th .
Iso la te s 19 °C . 2 3 °C . 2 5 ° C . 2 7 °C . 2 9 ° C . 3 1°C
L a. 31 . 0 4 3 . 0 51.  0 5 5 . 5 5 9 . 3 4 9 . 8
49 - 33 36.  3 4 7 .  8 5 7 . 5 63.  8 6 9 . 3 5 9 . 8
13076 3 7. 5 4 9 . 3 5 7 . 0 6 5 . 5 6 8 . 0 5 9 . 3
13077 3 6 . 0 4 5 . 3 5 5 . 3 6 4 . 0 6 7 . 5 5 1 . 8
13081 4 2 . 0 5 1 . 3 5 8 . 0 64.  8 6 9 . 5 65 . 3
25530 25.  8 32.  3 3 5 . 5 5 2 . 0 5 7 . 3  . 50.  8
27534 2 9 . 3 3 8 . 0 4 3 . 5 5 1 . 3 53.  8 4 9 . 8
27535 2 9 . 0 38.  8 44 .  8 5 3 . 0 55.. 0 5 0 . 3
27536 30.  8 4 3 .  3 5 2 . 5 5 8 . 8 6 3 . 5 56.. 0
27538 3 3 . 8 4 7 . 0 57.  5 6 3 . 8 6 8 . 8 6 6 . 0
27884 32. 5 4 5 . 8 5 4 . 3 6 1 . 0 64.  6 62 . 3
7 7 9 3 -A 36. 8 4 7 . 0 5 6 . 8 6 2 . 5 6 8 . 5 5 8 . 0
O re. '49 2 6 . 8 31.  5 3 7 . 0 3 7 . 5 3 0 . 3 25.  8
Ore.  '50 27.  3 3 1 . 8 3 6 . 3 3 5 . 8 3 1 . 5 2 4 . 3
Ham . 4 3 . 3 4 9 . 8 5 8 . 5 6 8 . 0 6 5 . 0 57.  3
P a . 4 1 . 0 50.  8 5 7 . 3 6 9 . 0 69.  3 6 7 . 3
W ash. 4 2 . 8 51.  0 . 57.  3 6 8 . 8 69.  8 67 .3
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T able IX . A v era g e  d ia m eter  in c r e a s e s  in m ill im e te r s  of C o lle to tr ich u m
iso la te s  on p o ta to -d ex tro se  a g a r  a t variou s tem p er a tu r e s
a fter  s ix  days grow th.
I so la te s 19°C . 2 3 °C . ro oi O O • 2 7 °C . 29°C . 3 1°C
L a. 4 0 . 8 55 . 3 6 2 . 0 6 8 . 0 7 3 . 5 5 9 . 3
4 9 - 3 3 46.  5 5 9 . 0 6 1 . 3 77 . 5 8 4 . 0 73 .5
13076 4 5 . 0 6 0 . 0 70 . 3 79.  8 8 1 . 3 7 1 . 8
13077 4 1 . 8 55 . 5 68.  0 7 9 . 0 8 2 . 3 6 6 . 5
13081 52.  3 64 . 0 71 . 0 79.  3 8 2 . 3 79 . 0
25530 36. 3 4 3 . 5 4 7 . 0 6 4 . 0 70.  8 6 2 . 5
27534 3 7 . 0 4 3 . 0 5 3 . 3 62.  0 65.  3 6 0 . 3
27535 3 6 . 3 4 4 . 5 52.  8 6 4 . 3 66.  7 61-. 5
27536 4 0 . 8 5 1 . 0 62.  5 73. 3 76 . 3 70. 8
27538 4 4 . 5 5 8 . 8 6 9 . 3 75.  0 7 6 . 3 74 . 5
27884 4 4 . 6 5 6 . 8 66.  0 7 0 . 5 7 3 . 0 6 9 . 3
779 3-A 46.  0 5 8 . 3 61.  0 7 7 . 0 8 3 . 5 7 2 . 0
Ore .  '49 3 2 . 9 3 8 . 0 ‘ 4 4 . 3 4 4 . 5 36.  3 3 2 . 3
O re. '50 3 1 . 8 3 9 . 0 4 3 . 5 42 .  0 36.  3 3 1 . 5
H am . 55. 0 6 4 . 0 72.  5 8 3 . 3 8 4 . 0 7 0 . 8
Pa . 5 2 . 0 6 4 . 3 72. 8 8 1 . 8 .82.0 6 9 . 8
W ash. 5 3 . 8  . 6 10 0 6 8 . 8 8 0 . 0 80.  -3 6 9 . 5
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G rowth S tud ies on L iquid  M edia
To th is point in the in v e stig a tio n  is o la te s  27538,  H am . , P a . , 
and W ash, had b een  d ifferen tia ted  fr o m  C o lle to tr ich u m  l i l i i  F la k , on 
the b a s is  of m o rp h o lo g ica l f e a tu r e s .  Two is o la t e s ,  O re. '49 and  
Ore.  '50 w ere found to d iffer fr o m  the pathogenic fungus by  th e ir  
rate  o f grow th  on va r io u s ty p es  of s o lid  m ed ia , and in th e ir  grow th  
range w ith  r e s p e c t  to te m p era tu re . In p rev io u s  w ork  b y  the author
(15),  it  w as found that iso la te s  4 9 - 3 3 ,  2 7534 , 27535 ,  27536,  27884,  
and 25530 d iffered  fr o m  C. l i l i i  b y  the d ry  w eigh t o f m y c e lia  produced  in  
liq u id  cu ltu re . The p r esen t ex p e r im e n ts  w ere of the sa m e so r t  and 
in clu d ed  is o la te s  779 3- A,  13076, 13077,  13081,  and f iv e  is o la te s  taken  
fr o m  L iliu m  co n co lo r  during the c o u r se  of p a th o g en ic ity  s tu d ie s .
The f ir s t  four iso la te s  w ere found to d iffer  fro m  C. l i l i i  in the 
w eigh t of m y c e lia  p rod u ced , and in the tim e  that a m ax im u m  grow th  
w as rea ch ed . I so la te s  13077 and 13081 a tta in ed  op tim u m  grow th  b y  
the sev en th  day w ith  dry w eigh ts o f 10 0 .3  and 1 03 . 2  m ill ig r a m s , r e ­
sp e c t iv e ly . I so la te s  7793-A  and 13076 r ea ch ed  m axim u m  grow th  by  
the e igh th  day w ith  w eigh ts o f 130 .9  and 13 5 .4  m illig r a m s, r e s p e c t iv e ly . 
T h ese  w eigh ts  w ere  co n s id e ra b ly  g r e a te r  than the 6 0 . 2  m g s . a tta in ed  
by C . l i l i i  on the ninth day of grow th . F r o m  th is  e x p er im en t it w as c o n ­
c lu d ed  that is o la te s  7793- A,  13076,  13077,  and 13081 w ere  d ifferen t  
fr o m  C o lle to tr ich u m  l i l i i  P la k . R e su lts  of grow th  s tu d ies  in  liq u id  
m ed ia  a re  show n in T ab le X .
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Table X . A v era g e  dry w eigh ts of m y c e lia l  m ats of th ree  r e p lic a te s  in 
m illig r a m s  p rod u ced  b y  is o la te s  L a . ,  13076,  13077,  and  
13081 at d a ily  in te r v a ls  when grow n in liq u id  cu ltu re at 2 9 °C .
D ay L a . 7793-A 13076 13077 13081
2 0. 7 2 .6 1 .4 4 .9 5 .3
3 ' 1 .4 5 .9 4 . 8 17. 1 17.6
4 2 . 3 2 8 . 9 17.0 5 8 . 3 5 0 . 2
5 6 . 0 66.  7 4 8 . 5 83.  7 8 2 .5
6 14.6 111 . 8 11 0 .0 96.  6 9 6 . 0
7 3 5 . 2 12 4 .4 131.  2 100 . 3 103.2
8 49.  6 130.9 135 . 4 9 4 . 2 9 7 . 4
9 60.  2 127 . 4 132 .6 8 3 . 0 8 8 . 4
10 56.  7 127.0 130 .6 78.  8 81.  8-
11 54.  6 117.6 122 . 4 73 . 9 7 2 . 2
A s a r e s u lt  of p athogenic ity  s tu d ie s  w ith L . c o n c o lo r , f iv e  i s o ­
la te s  s im i la r  to C. l i l i i  w e r e  obtained  fr o m  the s c a le  t ip es  of bulbs  
grow n in s o i l  a r t i f ic ia l ly  in fes ted  w ith  l i l i i .  Jh v iew  of the fa c t  that 
the s c a le s  had no le s io n s  other than tip  n e c r o s i s ,  it  was d ecid ed  to  
d eterm in e  w hether or not the a c e r v u l i  produced  on the tips w ere  those  
of C. l i l i i  or of a  s e c o n d a r y  in vad er . T h ese  i so la te s  w ere  u sed  in two 
p a r a l le l  s e r i e s  of t e s t s  for  com p arison :  (1) T heir  pathogenicity  w as  
d e te r m in e d  by u s in g  th em  se p a r a te ly  to inocu late  s o i l  in which hea lthy  
E a s te r  l i ly  bulbs w ere  p lanted, and (2) th e ir  rate  of grow th  in liqu id  
m edium  w as d e term in ed . R esu lts  a s  show n in Table XI, indicate that 
i s o la t e s  L.C-2 and E C -3 d iffer g r e a t ly  fr o m  C.. l i l i i  in rate  and to ta l  
grow th . A t h a r v e s t ,  the r e s u lt s  of s tu d ies  in liquid m ed iu m  w ere  c o n ­
f ir m e d  in that the three  i s o la t e s  w ith  grow th  s im i la r  to that of C. l i l i i  
a lso  p roved  to be pathogenic to C r e o le  E a s te r  l i ly  b u lb s.
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T able  XI. A v e r a g e  dry w eigh ts  of m y c e l ia l  m a ts  of three r e p l ic a te s  
in m il l ig r a m s  produced  b y  iso la te s  L a . ,  L C -1 ,  L C -2 ,  
L C -3 ,  L C -4 ,  and L C -5  a t  d a ily  in te r v a ls  when grow n in 
l iqu id  m ed ia  at 29 °C .




2 0 .9 0 .4 3 .2 4 .  7 0 .3 0. 7
3 1 .6 2. 0 1 8 .2 1 8 .4 1 .0 1 .9
3 2. 5 3. 6 5 9 . 8 6 1 .2 2 . 4 4 . 0
5 7 .0 8 .4 89. 6 10 0 .2 7. 1 6 .9
6 14. 1 .15. 8 113. 8 120. 6 15 .3 13 .8
7 34. 6 4 0 .2 1 1 9 .5 122. 6 3 9 .0 3 2 .4
8 5 0 .2 65. 6 1 0 5 .4 110. 3 58. 7 4 9 .8
9 64. 8 7 0 .4 9 5 .2 9 6 .5 6 8 .3 5 8 .6
10 58. 0 63, 2 8 4 .4 8 1 .2 56. 6 5 4 .5
11 52. 8 5 9 .2 77. 1 71. 0 5 3 .4 5 2 .4
44
D is c u s s io n
L ab oratory  s tu d ie s  involving d ifferen tia tion  b etw een  iso la te s  
c o n s is te d  of th ree  p h a se s .  The f i r s t  p h ase  involved  attem pts to o b ­
ta in  in fection  of bulb s c a le s  under la b o ra to r y  con d ition s .  These  e f ­
fo r ts  included  a duplication  of the w ork  b y  R eynolds (14), who sta ted  
that he was s u c c e s s f u l  in obtaining in fec tion . A ll  m ethods attem p ted  
by the author w ere  without s u c c e s s .  It w as found, h o w ev er , that the 
pathogenic fungus would s u b s is t  on the bulb s c a le s  t is s u e  around  
puncture a r e a s ,  but no le s io n s  w ere  produced .
The se c o n d  phase of this work c o n s is t e d  of d eta iled  e x a m in a ­
tion of the m o r p h o lo g ica l  fea tu res  of a l l  i so la te s  in co m p a r iso n  with  
th ose  of C. l i l i i , .  It was found that i s o la t e s  27538, H am . , P a .  and 
W ash. , w ere  d ifferent f r o m  C. l i l i i  w ith  r e s p e c t  to s iz e  of se ta e  and  
a c e r v u l i .  A l l  other i s o la te s  w ere  s im i la r  to C. l i l i i  with r e g a r d  to s iz e  
of conid ia , a c e r v u l i ,  and s e ta e .
Growth stu d ies  on variou s  m edia  con stitu ted  the th ird  phase  
o f  lab oratory  in v e st ig a t io n .  The i s o la te s  w ere  grown on variou s  so l id  
m ed ia ,  at v a r io u s  te m p e r a tu r e s  and h y d r o g en - io n  con cen tration s  on 
p o ta to -d e x tr o se  a g a r ,  and in liquid  m ed iu m . The Oregon iso la te s  g rew  
m uch s lo w e r  than the o ther iso la te s  on a l l  m ed ia .  Optimum grow th with  
r e s p e c t  to tem p era tu re  in d icated  a m a x im u m  of 2 3 °C . to 27°C . for  the 
O regon i s o la te s  a s  c o m p a r e d  w ith  27°G . to 3 1°C . for a l l  other i s o la t e s .  
A l l  iso la te s  g r e w  b e s t  b e tw een  pH 5 .4 6  and 6. 04. S e v e r a l  iso la te s
sh o w ed  s ig n if ica n t  d if feren ces  in grow th  on v a r io u s  m ed ia  when c o m ­
p ared  to C . l i l i i . H ow ever , the d if fe r e n c e s  w ere  apparent only a fter  
a s ta t i s t i c a l  a n a ly s is .
In liqu id  culture it was found that a l l  i s o la te s  w ere  e a s i ly  d if ­
fe r e n t ia te d  fr o m  Ch _lilii. P r ev io u s  w ork (15), and the p re se n t  e x p e r i ­
m ents ind icate  that a l l  i s o la t e s  r e a c h e d  an apparent m a x im u m  grow th  
b etw een  the s ix th  and e igh th  days a s  co m p a red  to nine days for the 
pathogenic fungus. A t m a x im u m  grow th , a l l  i s o la te s  show ed  fr o m  60 
to 180 per cen t  m ore  grow th  than C. l i l i i  a t  its  m a x im u m . T h ese  r e ­
su lts  s u g g e s te d  that this m ethod  of d ifferen tia tin g  b etw een  pathogenic  
and non-pathogen ic  i s o la te s  was r e la t iv e ly  qu ick  and r e l ia b le  co m p a red  
to o ther m eth o d s .
E F F E C T S  OF BLA C K  SCALE ON EA STER  LILIES
In p ast  rep o rts  (11 , 14, 15, 17, 18), v a r io u s  o b se rv a tio n s  have  
been  m ade regard ing  the s e v e r i ty  of th is  d i s e a s e ,  the parts  of the E a s te r  
l i ly  plant w hich  m ay b e c o m e  in fec ted ,  pre -m a tu re  d ie -b a c k  as a d is e a s e  
sy m p to m , and the e f fe c t  of the d i s e a s e  on b u lb le t  production . A s  a r e ­
su lt  of th ese  o b se r v a tio n s  and a la ck  of e x p e r im e n ta l  ev id en ce  to su p ­
port th em , an  e x p e r im e n t  w as in it ia ted  to provide a factu a l b a s i s .
In preparation  for  the ex p e r im e n t ,  tw o wooden co ld  fr a m e s  w ere  
c o n s tru c ted  m ea su r in g  6 b y l 2  f e e t  by 12 in ch es  deep . R iv er  bottom  
s o i l  w as added to e a ch  fr a m e  to a depth of about 10 in c h e s ,  and fu m i­
gated  w ith  one pound of m eth y l b r o m id e .  A fte r  standing for  48 h o u rs ,  
the s o i l  was turned daily  for one w eek  b e fo r e  p lanting. In one fr a m e  
100 c a r e fu l ly  s e le c t e d  and w eigh ed  C r e o le  E a s t e r  l i l y  bulbs w ere  
planted to s e r v e  as c h e c k s .  E ach  bulb w as p lanted at a depth of four  
inches  and surrounded  w ith  a s t e r i le  oat m ix tu re  as d e s c r ib e d  under  
S o il  T re a tm en t  and Infesta tion . The sa m e  p ro ced u re  w as fo llo w e d  in 
the seco n d  fra m e  w ith  the excep tio n  that the in o cu lu m  around e a c h  bulb 
c o n s is t e d  of an oat m ix tu re  on w hich C . l i l i i  w as grow in g . A l l  bulbs  
w e r e  p lanted Oct. 1, 1953. Starting N ov . 1, of that y e a r ,  ten bulbs  
w ere  h a r v e s te d  fro m  e a ch  of the two tr e a tm e n ts  a t  m onthly  in terva ls  
through Aug. 1, 1954.
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A s soon  as the bulbs w e r e  h a r v e s te d ,  the s te m s  w ere  cut fro m  
the bulbs a s  c lo s e  to the s c a le  tips as  p o s s ib le ,  the s te m s  w ere  w eighed  
and the num ber of bulbs in e a c h  trea tm en t  counted  and r e c o r d e d .
B u lb le t  w eigh ts  w ere  r e c o r d e d  s e p a r a te ly .  A l l  bulbs w ere  w ashed  
c a r e fu l ly  to r e m o v e  s o i l  adhering to the s c a l e s .  They w ere  then p e r ­
m itted  to a ir  dry for about an hour a f te r  w hich  the roots  w ere  cut.off  
of e a ch  bulb to within an inch of the bulb b a s e .  E a c h  bulb was w eighed  
and the w eight rec o r d e d . The en tire  proced u re  was rep ea ted  for  each  
trea tm en t ea ch  m onth. B lo o m  counts fo r  e a c h  rep lica t io n  w e r e  made 
a s  soon  as  the buds w ere  fu lly  evident; in this c a s e  counts w ere  p o ss ib le  
b y  M arch 1, 1954.
R e su lts
An a n a ly s is  of data on b u lb le t  production  ind icated  a s ign if ican t  
d ifferen ce  in the num ber of b u lb le ts  produced  b y  the plants of the c o n ­
tr o l  trea tm en t as co m p a red  to the d is e a s e d  tr e a tm e n t .  About 20 p e r ­
cent m ore  b u lb lets  w ere  produced, w ith  a to ta l w eight of about 38 p e r ­
c en t  g r e a te r  than the co n tro l group . Data on w eigh ts  and n u m b ers  of 
b ulb lets  a r e  p resen ted  in T ab les  XVII and XVIII, r e s p e c t iv e ly .
A s l ig h t  but c o n s is te n t  d ifferen ce  was n oted  b etw een  ch eck  and 
d is e a s e d  tr e a tm e n t  w ith  r e s p e c t  to g r e e n  w eights  o f  bulbs and s t e m s .
In both c a s e s  the bulbs and s te m s  of the co n tro l  group w ere  s l ig h t ly  
g r e a te r .  H ow ever , if the w eigh ts  of the b u lb le ts  w ere  c o n s id e r e d  in
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th is  to ta l ,  th ese  d if fe r e n c e s  b etw een  the two trea tm en ts  had no a p ­
parent s ig n if ic a n c e .  Data on s te m  w eights w e r e  p resen ted  in 
T a b les  XIII and XIV; bulb w eigh ts  in T ab les  XV and XVI, and a v era g e  
w eigh ts  of a l l  data for  both trea tm en ts  in Table XVII. T ables XI and  
XII ind icated  the w eight of e a c h  bulb p r ior  to p lanting.
In this e x p er im en t  the f i r s t  in fection  in the inocu lated  s o i l  w as  
noted  in the June d igg ing . S ix ty  p ercen t  of the bulbs show ed  b lack  s c a le  
s y m p to m s .  Bulbs in the July and A u gu st  digging w ere  a l l  in fec ted . At  
no tim e during th is  e x p e r im e n t  was th ere  any ev id en ce  that the fungus  
had in fec ted  any part of the l i ly  plant o ther than the bulb s c a le s  of the 
bulbs or b u lb le ts .  L e s io n s  on the b u lb le ts  w ere  s m a l l  when p r e se n t ,  
and ap p eared  l e s s  freq u en tly  on the s m a l le r  b u lb e ts .  T h ese  o b s e r v a ­
t ion s  w ere  c o n s is te n t  w ith  p r e v io u s ly  o b se r v e d  f a c t s .
C arefu l o b se rv a tio n  was made to d eterm in e  w hether or not p r e ­
m ature d ie -b a ck  of the E a s te r  l i l y  plant was a s s o c ia t e d  with d is e a s e d  
b u lb s .  T hree  plants in th is e x p e r im e n t  show ed e a r ly  d ie -b a ck , two in 
the con tro l group, and one in the d is e a s e d  group. In a l l  c a s e s ,  the 
plants a ffec ted  sh ow ed  num erous n e c r o t ic  a r e a s  oh the lea f  s u r fa c e s ,  
curling  of the l e a v e s ,  and the plants w e r e  about ha lf  the s iz e  of the other  
p la n ts .  T h ese  w ere  ob v io u sly  a f fe c te d  w ith  n e c r o t ic  f le c k ,  a v irus  
d is e a s e .  Two of the plants w ere  h a r v e s te d  in the M arch  and A p r il  
digging so  that the ir  w eigh ts  w ere  not too  s ign if ican t  in the data, the 
th ird  o c c u r r e d  in the A u gu st  digging of the con tro l group with the en t ir e
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s te m  d r ie d  up and d iss ip a te d  by the tim e the bu lb s  w ere h a r v e s te d .  The  
data in T a b le s  XIII and XIV c le a r ly  indicated  that p r e -m a tu r e  d ie -b a ck  
of the plant was not a s s o c ia t e d  with th is d is e a s e .
W ith the excep tion  of the s in g le  plant of the August digging  
which sh o w ed  n ecro t ic  f le ck  sy m p to m s ,  b loom ing was n o r m a l in both  
t r e a tm e n ts .  There w as no d ifferen ce  in the s iz e  and num ber of b loom s  
or  the t im e  in which plants b lo o m e d . C om p arative  data on the number  
of b loom s produced b y  each  trea tm en t a r e  p r e s e n te d  in Table XVIII. 
D is e a s e d  and healthy bulbs f r o m  the June digging a r e  shown in Plate VIII.
D is c u s s io n
The accu m u la ted  data ind icated  that bulbs that b eca m e  in fected  
b y  C. l i l i i  during an ord inary  grow ing se a so n  did not show ap p rec ia b le  
e f fe c t  as a r e s u lt  of that in fec tion . Due to a la ck  o f d is e a s e d  bulbs it 
w as im p o ss ib le  to d eterm in e  w hether or  not s im i la r  resu lts  would have 
b een  obtained  had the bulbs b een  in fec ted  at the s t a r t  of the s e a s o n .  It 
w as quite l ik e ly ,  h o w ev er , that s im i la r  r e su lts  w ou ld  have b s e n  e n ­
countered  s in c e  the d is e a s e  u su a lly  b eca m e ev id en t  late in the growing  
se a so n  and then a f fe c te d  only the outer s c a le s .  T h is  was probab ly  due 
to a tem p eratu re  fa c to r  s in ce  r e c e n t  r e s u lt s  in d icate  that d i s e a s e  d e ­
ve lop m en t is  dependent on te m p e r a tu r e s  in the v ic in i ty  of the optim um  
grow th tem p era tu re  fo r  the o r g a n ism .  In addition , the new bulb is a f ­
ford ed  p rotection  f r o m  the s o i l  en v iro n m en t by develop ing  a t the b ase  of
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the s te m  and being surrounded by the outer s c a le s  of the old bulb until 
late in the s e a so n .  A s e r ie s  of photographs m ade during the foregoing  
experim ent i l lu s tr a te s  this point. P la te  IX, F ig .  1 show s a bulb from  
the inoculated  treatm ent on the right and a bulb fr o m  the contro l t r e a t ­
ment on the le f t .  In F ig .  2, the sam e bulbs a r e  shown with the outer  
sc a le s  rem o v ed  revealing  the new ly  fo rm ed  bulbs at the b a se  of the 
stem . T h ese  bulbs were f r o m  the F eb ru ary  d igg ing . In P late  X,
F ig s .  1 and 2 , a re  shown bulbs fro m  the M arch digging in a m ore a d ­
vanced stage  of developm ent. P late XI, F ig s .  1 and 2 a re  fr o m  the 
A p ril digging. A ls o  noted is a bulb let on the s t e m  of the plant fro m  
the inoculated treatm en t. P la te  XII, F ig s .  1 and 2 are  bulbs fr o m  the 
May digging and it is noted that here there a re  fe w  s c a le s  rem aining  
fro m  the old bulb. Plate XIII, F ig s .  1, 2, and 3, are  fr o m  the June 
digging. T h ese  th ree  f igu res  show c le a r ly  the position  of the s te m  
with re la tion  to the new  bulbs and a lso  the fa c t  that only a few  of the 
older s c a le s  rem ain  and are v ery  s m a l l  in co n tra st  to the s c a le s  of 
the new bulb.
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Table XU. W eights of bulbs in g ra m s 24 hours p r io r  to planting in s o i l  
not in fe s ted  by C o lle to tr ich u m  l i l i i  P la k .
B u lb s  to be H a rv es ted  
N o v .  1 D e c .  1 Jan. 1 F e b .  1 M ar. 1 A p r .  1 M ay 1 June 1 July 1 Aug 1
20 . 0 20 . 0 2 0 .2 2 0 .3 20. 3 2 0 .3 2 0 .5 20. 5 20. 6 2 0 . 7
2 1 .6 2 1 .5 21. 5 2 1 .5 2 1 .3 21. 3 2 1 .2 21 . 1 21. 0 2 0 .9
2 1 .6 21 . 7 2 1 .7 2 1 .8 2 1 .9 2 1 .8 2 2 .0 22. 1 2 2 .2 2 2 .3
22 . 8 22 . 8 2 2 .6 2 2 .6 22 . 5 2 2 .5 2 2 .5 2 2 .5 2 2 .4 22. 3
2 2 .9 2 3 ,0 23. 1 2 3 .2 2 3 .4 2 3 . 5 23.-7 2 3 .8 2 3 .8 23 . 8
24. 3 24 . 3 2 4 .2  ■ 2 4 .2 2 4 . 1 2 4 . 1 2 4 .0 2 4 .0 2 3 .9 23 . 8
2 4 .4 2 4 .4 24. 5 2 4 .6 2 4 .8 24. 8 24 . 8 2 4 .9 2 4 .9 2 5 .0
25 . 7 25. 7 2 5 .6 2 5 .5 2 5 .5 2 5 .4 2 5 .4 2 5 .2 25 . 1 2 5 .0
25. 8 2 6 .0 26. 1 2 6 .2 26 . 3 26 . 3 2 6 .4 2 6 .5 2 6 .5 26 . 6
2 7 .8 27. 6 27. 6 2 7 .6 27 . 5 2 7 .2 2 7 .  1 2 6 .9 2 6 .8 26. 7
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T able XIII. W eights of bulbs in g r a m s  24 hours prior to planting in s o i l  
in fe s te d  w ith  C o lle to tr ich u m  l i l i i  P lak.
N o v . 1 D e c .  1 Jan. 1
Bulbs to be H a r v e s te d  
F e b .  1 M ar. 1 A p r .  1 M ay 1 June 1 July 1 A ug. 1
2 0 .0 20. 0 2 0 .3 20 . 3 20. 3 2 0 .4 20. 5 2 0 .6 20. 7 20. 7
21 . 6 2 1 .5 21. 5 2 1 .5 2 1 .4 2 1 .2 2 1 .  1 2 1 .0 2 1 .0 20. 7
21. 6 21. 7 21. 8 2 1 .9 2 1 .9 2 1 .9 22, 1 22 . 1 2 2 .2 22 . 3
2 3 . 1 2 3 .0 2 2 .8 22. 8 22. 8 22. 7 22 . 6 22 . 5 2 2 .3 2 2 .3
2 3 . 1 2 3 .2 2 3 .4 2 3 .6 23. 7 2 3 .8 2 3 .8 23. 8 2 3 .9 2 3 .9
24 . 3 2 4 .3 24. 2 2 4 .2 2 4 .2 24 . 1 24 . 1 2 4 . 1 24. 0 2 4 .0
2 4 .4 2 4 .5 2 4 .5 2 4 .6 2 4 .6 24. 7 24. 7 24. 7 2 4 .8 2 4 .9
25 . 6 25 . 5 2 5 .5 2 5 .4 2 5 .3 2 5 .3 25 . 1 25 . 0 2 5 .0 2 4 .9
2 5 .  7 25. 8 2 5 .8 26 . 0 2 6 .0 26. 1 26 . 1 2 6 .4 2 6 .4 2 6 ,5
27. 7 2 7 .6 2 7 .6 2 7 .4 27. 3 2 7 .0 2 6 .9 26 . 8 26. 6 2 6 .6
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Table XIV. G reen  w eights  in g ra m s  of E a s te r  l i ly  s te m s  fr o m  bulbs
grow n in s o i l  not in fe s te d  by C o lle to tr ic h u m  l i l i i  P lak . and  
h a r v e s te d  at m onthly  in te r v a ls .
S tem s  H a r v e s te d  on 
N ov. 1 D e c .  1 Jan . 1 F e b . 1 M ar. 1 A p r .  1 M ay 1 June 1 July 1 A ug. 1
5 .6 11.3 32. 8 58 . 1 73. 6 7 2 .9 9 7 .0 7 1 .8 3 2 .0 2 0 .0
6 .2 11.9 4 0 .  3 7 2 .0 76. 1 7 0 .0 8 2 .9 5 9 .9 3 8 .0 3 1 .4
2 .0 11 .2 3 9 .9 6 1 .0 8 7 .2 8 7 .2 8 3 .4 7 4 .3 4 6 .4 2 0 .0
4 .3 2 5 .5 4 2 .  8 7 3 .4 9 5 .  1 9 8 .5 110. 1 95. 2 56. 5 1 7 .8
4 . 2 18.3 5 1 .2 7 8 .9 99 . 1 93 . 2 10 1 .6 105 .5 57. 6 2 2 . 6
/
6 .0 12.9 55 . 7 75. 1 90. 8 1 2 1 .4 120. 6 8 5 .3 5 7 .7 24 . 6
4 .5 2 5 .4 56 . 1 9 6 .6 124. 7 112 .9 123. 6 8 8 .5 6 8 .2 3 7 .9
6 . 7 2 1 .6 52 . 0 129. 0 102 .3 134. 1 136. 8 113.9 100. 1 2 9 .4
8 .6 4 6 .  7 6 1 .5 107 .3 148.9 142. 1 140 .5 116. 7 7 9 .9 3 0 .2
9 .0 25. 3 7 7 .2 115. 1 148. 0 159 .5 130 .6 127. 0 98. 7 4 0 .  8
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Table XV. G reen  w eights  in gram s of E a s te r  lily- s te m s  from  bulbs  
grown in s o i l  in fested  by C olle to tr ich u m  l i l i i  P lak. and  
h a r v e s te d  at monthly in te r v a ls .
N ov . 1 D e c ,  1 Jan. 1
S tem s H arvested  
F e b . 1 M ar. 1 A p r .  1
. on 
May 1 June 1 July 1 Aug. 1
5. 1 13.3 40. 1 5 1 .3 5 7 .9 7 5 .4 62 .3 70 -. 6 23. 7 32. 1
9 .6 15. 8 4 4 .9 6 3 .9 78. 8 9 1 .6 6 9 .0 58. 3 4 3 .3 12.5
6 .4 1 8 .0 4 7 .4 7 5 .8 86. 3 7 8 .2 115.4 7 6 .4 4 7 .3 0 0 .0
7.3 1 7 .4 4 7 .9 6 4 .6 90. 3 74.-7 9 5 .9 7 9 .9 4 6 .9 13.4
10.4 17. 1 3 2 .2 6 3 .9 113. 7 11 8 .4 9 4 .8 80. 2 76 .9 2 6 .8
13. 1 2 0 .5 40. 6 9 3 , 7 9 4 .2 89. 1 9 7 .9 103 .6 2 4 .6 2 4 .9
10.2 28. 0 5 7 .6 9 2 .0 100 .6 134. 1 128. 1 7 7 .7 5 1 .4 2 1 .0
14.9 2 2 .2 4 2 .9 88. 1 119. 5 111. 1 156.6 10 8 .4 8 0 .9 4 6 .5
8 .6 2 8 .9 3 3 .2 9 5 .5 141 .5 •136.9 129. 3 114 .6 65. 7 4 7 .2
10.3 3 0 .4 4 1 .4 113. 1 104.9 1 6 2 .4 129.8 126. 1 73 .5 4 1 .8
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Table XVI. G reen  w eights in gram s of E a s te r  l i ly  bulbs grown in s o i l  
not in fe s ted  by C o lle to tr ich u m  l i l i i  P la k .  and h a rv es ted  at 
monthly in ter v a ls .
N ov. 1 D e c .  1 Jan. 1
Bulbs H arv ested  on 
F eb . 1 M ar. 1 A p r. 1 May 1 June 1 July 1 A ug. 1
27. 8 2 1 .2 17. 3 18. 1 1 9 .4 2 8 .5 35. 7 4 8 .6 85 .3 9 0 .3
2 6 .0 2 1 .7 19.2 22. 7 2 2 .5 32. 3 4 3 .9 7 1 .4 8 8 .2 9 7 .6
28. 6 2 5 .2 2 1 .3 19 .4 2 5 .6 3 4 .6 4 1 .2 70 .3 9 3 .0 108 .3
3 1 .0 24. 1 2 0 .9 2 1 .8 2 4 .5 3 2 .6 46 . 0 6 9 .0 100.2 112 .2
30. 7 28 . 1 19 .4 2 3 .8 2 7 .6 3 4 .4 5 1 .9 6 8 .0 ■ 9 4 .6 12 2 .7
32. 3 3 4 .4 20. 8 24. 1 2 9 .3 3 3 .2 4 7 .5 93 . 1 110. 3 1 1 9 . 0
3 4 .5 33. 7 2 2 .2 26. 7 3 0 .2 3 8 .9 53. 1 99. 1 117. 7 120 .3
37. 7 3 6 .6 22. 7 31 .2 3 5 .3 44 . 8 6 1 .5 8 8 .5 124 .2 131.3
4 0 .2 37. 3 2 3 .8 33. 6 3 7 .3 4 4 .3 6 3 .6 111.6 125.3 129. 1
49.4- 4 1 .9 2 7 .4 3 2 .4 50. 1 60. 8 82. 7 103.2 132 .8 152. 6
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Table XVII. G reen  w eigh ts  in g ra m s  of E a s te r  l i l y  bulbs grow n in s o i l  
in fe s te d  b y  C o lle to tr ic h u m  l i l i i  P la k . and h a r v e s te d  at 
m onthly in te r v a ls .
Bulbs H a rv es ted  on  
N o v . 1 D e c .  1 Jan. 1 F e b .  1 M ar. 1 A p r .  1 M ay 1 June 1 July 1 A ug. 1
2 7 .3 2 0 .6 2 0 .9 19 .0 2 5 .3 30. 7 3 1 .9 6 2 .4 84. 7 8 5 .9
2 7 .2 19 .2 18. 3 1 8 .4 24. 6 3 7 .4 32 . 8 60. 8 9 0 .9 9 6 .8
3 0 .8 24 . 6 19 .3 1 8 .7 2 7 .9 30 . 1 30. 1 6 3 .3 85. 0 103. 1
3 1 .2 2 7 .4 2 0 .4 23 . 1 26. 8 35. 3 3 7 .5 73. 7 9 3 .4 97 . 2
28. 8 3 3 .9 26. 1 .2 2 .6 2 5 .9 3 6 .6 4 6 .0 8 2 .4 101 .3 109 .2
32. 1 31 . 1 2 2 .5 1 8 .4 3 3 .5 33. 2 4 4 ,3 79. 7 9 2 .4 116 .3
33. 7 3 0 .3 22. 8 20 . 7 29- 7 34 . 1 5 6 .2 8 6 .2 105 .3 1 1 4 .4
35. 1 3 5 .4 34. 5 2 3 .3 33. 1 5 0 .3 62. 1 87. 7 11 0 .6 1 2 5 .4
3 8 .8 34. 8 39. 7 2 7.'3 3 0 .3 4 6 .2 8 4 .5 9 6 .5 118 .2 121 .2
4 6 .  1 3 4 . 7 3 9 .4 3 0 . 7 34. 7 4 3 .9 65. 8 93 . 3 130 .5 110 .0
Table XVIII. A verage  g reen  weights in gram s of E a s te r  l i ly  plants, b u lb s, b u lb le t s , and
s te m s  h a rv ested  at monthly in terva ls;  grown in uninfected s o i l  and s o i l  infected  
by C o lle to tr ich u m  l i l i i  P lak .
Month
Total Wt. of P lant Wt. of Stem s Wt. of Bulbs Wt. of B u lb lets
Check D is e a se d Check D is e a se d Check D ise a se d Check D is e a se d
N ov . 1 3 9 .5 42 . 7 5. 7 9. 6 3 3 .8 33. 1 .i.'p *
D e c . 1 5 0 .4 5 0 .4 20. 0 2 1 .2 3 0 .4 2 9 .2 -r ❖
Jan. 1 7 2 .5 6 9 .2 5 1 .0 4 2 .8 2 1 .5 2 6 .4 «.u•v* *
F eb . 1 112. 0 102 .4 86. 6 8 0 .2 2 5 .4 2 2 .2 ❖ vL.T*
M ar. 1 134. 8 128.0 104.6 9 8 .6 3 0 .2 2 9 .4 *T* * *
A p r. 1 147. 6 145.0 109.2 107.2 3 8 .4 37. 8 *■*■* *T* 'f 't*
May 1 166. 1 157. 7 112. 7 107. 8 52. 7 4 9 . 1 0. 7 1 .8
June 1 184. 1 185. 8 93. 8 8 9 .6 8 2 .3 78; 6 8 .0 17. 6
July 1 189.0 190 .4 6 3 .4 5 3 .4 107.2 100. 7 18 .4 3 6 .3
A ug. 1 182.5 195 .6 2 7 .5 2 6 .6 118.3 110.0 36. 7 5 9 .2
* No bulb lets  obtained during th ese  m onths.
** B ulbs too s m a l l  for  s ign if ican t w eigh ts .
58
Table XIX- A c o m p a r iso n  of bu lb let  and f lo w er  production  by C reo le  
E a s t e r  l i l i e s  grow n in u n in fested  s o i l  and s o i l  in fe s te d  by  
C o lie to tr ic h u m  l i l i i  P lak .
N o . of F lo w e r s  N o . of B u lb lets
R ep lica tion C h eck D is e a s e d Che ck D is e a s e d
M arch 46 50 0 1
A p r il 39 41
\
2 2 .
M ay 44 38 5 7
June 39 47 27 48
July 53 46 41 66
A ugust 42 45 95 114
A v era g e 4 3 .9 4 4 .5 2 8 .3 35. 3
G ENERAL SUMMARY
P a th o g en ic ity  s tu d ies  w ith  a l l  C o lle to tr ich u m  is o la te s  w ere  
c a r r ie d  through a t l e a s t  two grow ing s e a s o n s .  B la c k  s c a le  sym p tom s  
w ere  not produced  on C reo le  E a s te r  l i l y  bulbs when grow n in s o i l  in ­
fe s te d  b y  i s o la te s  4 9 - 3 3 ,  7 7 9 3 -A , 13076, 13077, 13081, 25530, 27534,  
27535, 27536 , 27538 , 27884, O re. '49, O re. '50, H a m . ,  P a . ,  and 
W ash. I so la te s  4 9 - 3 3 ,  77 9 3 -A , 13077, 27535 , 27536, 27538, O re. '49, 
and O re. T50 w ere  not pathogenic to  bulbs of the type fr o m  w hich they  
w ere  o r ig in a l ly  i so la te d .
Oregon i so la te s  1949 and 1950 did not produce s c a le  tip d ie -  
back or brown s c a le  on C roft,  E s ta te ,  or C reo le  E a s te r  l i ly  bu lbs.  
S ca le  tip d ie -b a c k  was o b se r v e d  on p r a c t ic a l ly  a l l  C roft  b u lb s,  whether  
grow n in s o i l  in fes ted  by  the O regon i s o la t e s ,  or in s t e r i l i z e d  s o i l .
A l l  a ttem pts  to produce b lack  s c a le  in fec ted  s c a le s  under 
la b o ra to ry  conditions w ere  u n s u c c e s s fu l .
B u lbs of Jj . d au ricu m  v a r .  sangu in eu m , L . .m artagon  v a r . 
album , L. pum ilum , L. u m b e lla tu m , and four c o m m e r c ia l  E a s te r  
l i l i e s ;  C r e o le ,  C roft, E s ta te ,  and G eorg ia  w ere  found to be su scep t ib le  
to b lack  s c a le .
B u lb s  of the fo llow ing s p e c ie s  w ere  found to be n o n -su sc e p t ib le  
to b lack  s c a le  a fter  two c o n se c u t iv e  grow ing  s e a so n s :  L . a m a b ile ,
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Li. c a l lo su m , L . candidurn (C ascad e  and White E lf  s tr a in s ) ,  L .  
eern u u m , L. D av id ii  'M a x w ill1, L . fo rm o sa n u m  (W ilson  s tra in ) ,  L. 
H e n r y i , L . japonicum , L . r e g a l e , L. s p e c io s u m  v a r .  album, and L. 
s p e c io s u m  var . ru b r u m .
Bulbs of L .  con co lor  did not ex h ib it  sy m p to m s of b lack  sca le*  
H o w ev er , the fungus was i so la te d  fr o m  the dried  s c a le  t ip s .  The c o n ­
dition of the s c a le  t ips was p r e s e n t  in the con tro l tr e a tm e n t  a s  w e ll ,  
and r e s e m b le d  c l o s e ly  the s c a le  tip  d ie -b a c k  condition  of the Croft  
E a s t e r  l i ly .
A i l  i s o la te s  show ed  op tim u m  grow th  betw een  pH 5 .4 6  and 6. 04 
on b u ffered  p o ta to -d e x tr o se  a g a r .  I so la tes  O re . '49 and O re. '50 
sh o w ed  optim um  grow th  b etw een  23°C . and 27°C . on p o ta to -d ex tro se  
a g a r .  A l l  other i s o la te s  including C. l i l i i  r ea ch ed  optim um  grow th  
b e tw e e n  27°C . a n d 3 1 ° C .
The O regon i s o la te s  w e r e  d ifferen tia ted  fr o m  C. l i l i i  b y  growth  
on v a r io u s  types of so l id  m ed ia .  I so la tes  27538 , H am . , P a . ,  and  
W ash. , w ere  d ifferen tia ted  fr o m  the pathogenic fungus on the b a s is  
of a c erv u lu s  and s e ta  s i z e .  A l l  i so la te s  w e r e  d ifferen tia ted  f r o m  C. 
l i l i i  on the b a s is  of grow th in l iq u id  m ed iu m . C o lle to tr ich u m  l i l i i  P lak .  
r e a c h e d  an apparent m a x im u m  grow th  on the ninth day as co m p a red  to 
s ix  to e ight days for the other i s o la t e s .  A t  m a x im u m  grow th, the 
pathogenic fungus p roduced  fr o m  60 to 180 p ercen t  l e s s  growth than  
a l l  o ther i so la te s  a t  th e ir  op tim u m  growth.
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Iso la te s  H am . , P a . , and W ash, a r e  apparently  the sa m e fungus 
in that their  con id ia , a c e r v u l i ,  and se ta e  w ere  com p a ra b le  in s iz e ;  and  
th e ir  r a tes  of grow th  w ere  e s s e n t ia l ly  the s a m e .  On the b a s is  of th e se  
data, it is  r e a so n a b le  to a s su m e  th e se  i so la te s  r e p r e s e n t  C o lie to tr ich u m  
l i l ia c e a r u m  { S c h w .} Duke s in c e  iso la te  P a .  cam e fr o m  s im i la r  plant  
m a te r ia l  and the s a m e  g e n e r a l  a r e a  a s  the type s p e c im e n .  A c o m p a r ­
iso n  of the m o rp h o lo g ica l  fe a tu r e s  of i s o la t e  Pa. w ith  th ose  of the type  
sp e c im e n  in d ica ted  that iso la te  P a .  is  e s s e n t ia l ly  the sa m e as  C. 
l i l ia c e a r u m . F r o m  th e se  facts  a r e a so n a b le  co n c lu s io n  is  that 
C o lle to tr ich u m  l i l i i  P la k ,  is not the sa m e  fungus as  C olle  to t r ic hum  
l i l ia c e a r u m  (Schw. ) D uke,
In s tu d ies  on the e f fe c ts  of d is e a s e  on the bulbs and the growing  
plant, it was found that the s i z e ,  n u m b er ,  and the t im e  of b loom ing  of 
the l i ly  plant was not a f fec ted  by  the p r e se n c e  of the fungus on the b u lb s .  
The d is e a s e  had l i t t le  e f fe c t  on bulb s i z e ,  and plant v ig o r .  The fungus  
was n ever  o b se r v e d  to a ffec t  parts of the plant other than the bulb or  
b u lb le ts .  B u lb le t  production  was s ig n if ic a n t ly  in c r e a s e d  in plants  
w h ose  bulbs w ere  in fe c te d  with C. l i l i i .  P r e  -m ature  d ie -b a c k  of the 
l i l y  plant was ap p aren tly  no ind ication  of b la ck  s c a le  in fec tio n .
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F igu re  1.
F ig u re  2.
Croft E a s te r  l i ly  bulbs show ing sc a le  tip d ie -b ack .  
Bulbs on the right w ere  grown in s o i l  in fested  by  
i so la te s  Ore. '49 and Ore. '50; and on the le ft ,  
bulbs grown in s te r i l i z e d  r iv e r  bottom  so i l .
Croft E a s te r  l i ly  bulb s c a le s  showing s c a le  tip d ie-  
back. The s c a le s  w ere  taken fr o m  the inner portion  
of the bulbs shown in f igure 1.
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PLA TE I
F ig u re  1
F igu re  2
F igu re  1. G eorg ia  and C reo le  E a s te r  l i ly  bulbs show ing the
r e su lt s  of grow th in s o i l  i n f e s t e d b y C. l i l i i  (r ight),  
and grow th  in s t e r i l i z e d  r iv e r  b ottom  s o i l  ( le ft ) .
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PL A TE II
GEORGIA
CREOLE
F ig u re  1
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F ig u re  1. E sta te  and C roft E a ster  l i ly  "bulbs show ing the
r e s u lts  o f grow th  in s o i l  in fested  by C . l i l i i  (r igh t), 




F ig u re  1
F ig u re  1. B ulbs of L iliu m  m artagon  v a r . a lb u m . The bulbs  
on the right w ere  grow n  in s o i l  in fe s te d  by C . l i l i i  
(Iso la te  L a. ), and th o se  on the le f t  w ere  grow n in 
s te r i l iz e d  r iv e r  b o tto m  s o il .
CHECK ISOLATE LA.
LJMRTAGON VAR. ALBUM
F ig u re  1
F ig u re  1. B ulbs of L iliu m  p u m ilu m . The b u lbs on the righ t 
w ere  grow n in s o i l  in fe s te d  by C . l i l i i ,  and th o se  
on the le f t  in  s t e r i l iz e d  r iv e r  b ottom  s o i l .






F ig u re  1
F ig u re  1. B u lb s of L iliu m  d au ricu m  va r . sangu in eu m . B ulbs  
on the righ t w ere  grow n in s o i l  in fe s te d  by C . l i l i i  
(Iso la te  L a .) ,  th ose  in the m iddle in s o i l  in fe s te d  
by Iso la te  27 5 3 6 , and th o se  on the le f t  in s t e r i l iz e d  
r ib er  b ottom  s o il .
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PL A TE VI
=385*
I S O L A T E  2 7 5 3 6  
L. DAURICUM
IS O L A T E  LA.
F ig u re  1
igure 1. B u lbs of L iliu m  u m b ella tu m . B ulbs on the right
w ere  grown in s o il  in fe s te d  by C . l i l i i  {Iso la te  L a, ), 
th ose in the m iddle grow n in s o il  in fe s te d  by Iso late  
27538, and th o se  on the le f t  in s te r i l iz e d  r iv e r  bottom  
s o i l .
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PL A T E  VII
CHECK ISOLATE 2 7 5 3 8  IS O L A T E  LA.
L .U M B E L L A T U M
F ig u re  1
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F ig u re  1. C reo le  E a s te r  l i ly  bu lbs h a r v e s te d  e a r ly  in June.
B u lb s on the top w ere  grow n in s o i l  in fe s te d  b y  C. 
l i l i i  and show  e a r ly  b lack  s c a le  l e s io n s .  B ulbs on 
the bottom  w ere  grow n in s o i l  fu m ig a ted  -with 
m eth y l b r o m id e .
79
PL A T E  VIII
F i g u r e  1
F igu re 1. C reo le  E a s te r  l i ly  bulbs dug in F eb ru a ry . The bulb 
on the right w as grow n in s o i l  in fe s ted  by C . l i l i i ,  
and the bulb on the le ft  in s o i l  fu m igated  w ith m eth yl 
b ro m id e .
F igu re  2. The sam e bulbs as shown in F igu re 1, but w ith  the 
outer s c a le s  rem o v ed . The n ew ly  fo rm ed  bulbs  
are noted at the b a se  of the s tem .
PLATE IX
F igu re  1
F igu re  2
F ig u re  1. C reo le  E a s te r  l i ly  bulbs dug in M arch . The bulb  
on the r ig h t w as grow n in s o i l  in fe s te d  b y  C. l i l i i , 
and the bulb on the le f t  w as grow n in s o i l  fu m igated  
w ith  m eth y l b ro m id e .
F ig u re  2 . The sa m e bulbs a s  show n in F ig u re  1, but w ith the 
outer s c a le s  r em o v ed  to r e v e a l the n ew  bulbs at the 
b a se  of the s te m .






F ig u re  1. C reo le  E a s te r  l i ly  bulbs dug in A p r il. The bulb  on 
the righ t w as grown in s o i l  in fe s te d  by G. l i l i i ,  and  
the bulb on the le f t  w as grow n in s o i l  fu m ig a ted  w ith  
m eth y l b r o m id e .
F ig u r e  2 . The sa m e bu lb s as show n in F ig u re  1, but w ith  the  
ou ter s c a le s  r em o v ed  to  r e v e a l the n ew  bulbs a t the 
b a se  of the s te m .







F ig u r e  1. C reo le  E a s te r  l i l y  bu lbs dug in M ay. The bulb on 
the r ig h t w as grow n in s o i l  in fe s te d  b y  C. l i l i i ,  and  
the bulb on the le f t  w as grow n in s o i l  fu m ig a ted  w ith  
m eth y l b r o m id e .
F ig u re  2 . The sa m e  bulbs as show n in F ig u re  1, but w ith  the 
outer s c a le s  rem o v ed  to r e v e a l the new  bulbs at the 
b a se  of the s te m .
F igu re
F ig u re  1. C reo le  E a s te r  l i ly  bulbs dug in June. The bulb on 
the le f t  w as grow n in s o i l  in fe s te d  b y  C . l i l i i , and  
the bulb on the r igh t in s o i l  fu m ig a ted  w ith  m eth y l 
b r o m id e .
F ig u r e  2 . The sa m e  bulbs a s  show n in F ig u re  1, but w ith  the 
s c a le s  fr o m  the o r ig in a l bulb r em o v ed . A c o m ­
p a r iso n  w ith  F ig u re  1 r e v e a ls  the s m a ll  s iz e  of 
th ese  s c a le s  in  co n tra st to  the la r g e r  on es of the 
new  b u lb .
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PL A T E  XIII
F ig u re  2
F ig u re  1. T h is i l lu s tr a tio n  is  a top v iew  of the bulbs shown  
in  P la te  XIII, F ig u re  1. Of note is the p o sitio n  of 
the new  b u lb  in r e la t io n  to the p o sit io n  of the s te m .
PLA TE XIV
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F igu re I
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